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 FOREWORDS 
 
The IMOG is the official conference of the European Association of Organic Geochemists 
(EAOG) and one of the most important events on this subject in the world. After the previous IMOG 
meetings in Madrid (7th IMOG; 1975), San Sebastian (17th IMOG; 1995), Seville (22nd IMOG), 
Tenerife is proud to host the fourth IMOG edition in Spain during September 15-20, 2013. 
We would like to dedicate this IMOG edition to Prof. Dr. Geoffrey EGLINTON. In the early 
60’, together with Dick HAMILTON and the local Prof. Antonio GONZÁLEZ-GONZÁLEZ (1917-
2002), Prof EGLINTON developed the biomarker proxi in organic geochemistry when analysing leaf 
waxes of Canarian endemic Crassulaceae species (see communication OP1-1). 
This book, divided in two volumes, encomprises all communications to the 26 IMOG. For this 
IMOG edition a grand total of 580 abstracts were submitted by authors from all around the world. 
During March 21 – 23 2013 the 26 IMOG Scientific Committee (SC) meet in Madrid (Residencia de 
Estudiantes CSIC) to review and discuss the distribution and form of presentation, and the 
Conference's general chart of events was produced. 
For this IMOG edition, the SC identified the following main scientific themes: 
 
• Archeology 
• Biogeochemistry 
• Biomarkers & proxies 
• Benthic processes 
• Earth and life history 
• Environment and pollution 
• Hydrocarbon generation expulsion & 
  migration 
• Kerogen and coal geochemistry 
• Methane cycling 
• Methods in organic geochemistry 
 
• Paleoclimate and paleoenvironment 
• Paleohydrology 
• Petroeum biodegradation 
• Petroleum source rocks 
• Petroleum systems case studies 
• Reservoir geochemistry 
• Soil and sediments biogeochemistry 
• Sulfur geochemistry 
• Unconventional resources 
• Water column studies 
 
Finally 559 papers were presented at the Conference, of which 86 were orals and 473 posters. 
Oral presentations were divided into 8 morning plenary sessions (Monday to Thursday) and 20 parallel 
thematic sessions on Friday morning and in the afternoon from Monday to Thursday. Posters were 
divided in two sessions and presented each afternoon for two consecutive days (Mon/Tue and 
Wed/Thu) so presenters had the opportunity to appropriately present and discuss their work.  
The number, diversity and quality of the submitted abstracts guaranteed an interesting and 
well-balanced scientific programme. The 26 IMOG addressed recent developments in emerging fields, 
and continued the tradition of IMOG as a unique opportunity to meet top scientists, to have 
stimulating discussions and to watch the latest developments in Organic Geochemistry. This 26th 
edition was also honoured in hosting the Geochemical Society's Alfred Treibs Award Ceremony. 
We would like to thank the 26 IMOG Organizing Committee and our collegues from IRNAS-
CSIC for the facilities given and their constant work in the hard tasks needed for a succesfull meeting, 
the Scientific Committee for valuable advice and the production of our solid and outstanding Scientific 
Program, the EAOG for their confidence in Tenerife as the venue for their meeting and all donors, 
sponsorsing companies and expositors for their support without which the Tenerife 26 IMOG would 
not have been possible.  
 
 
 
 
 
 
     José A. GONZÁLEZ-PÉREZ       Francisco J. GONZÁLEZ-VILA 
Chairman Scientific  Committee  Chairman Organization Committee 
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AN ISLAND ORIGIN – LEAF WAX ALKANES OF TENERIFE IN 1960 
 
Geoffrey EGLINTON* 
 
 University of Bristol, Bristol, United Kingdom 
*) Correponding author: geoffrey.eglinton@dartmouth.edu 
 
In the autumn and winter of 1960, two organic chemists from the University of 
Glasgow, myself and Dick HAMILTON, teamed up with a resident natural product chemist, 
Professor Don Antonio GONZÁLEZ-GONZÁLEZ of the University of La Laguna, to make a 
first chemotaxonomic survey of the leaf waxes of plants endemic to the island of Tenerife.   
Our aim was to look for evolutionary relationships within the carbon number 
distributions of n-alkanes of species of the succulent Crassulaceae family, which grow wild 
on roof tops and in remote canyons on this island. The recently-developed gas 
chromatographic process had made possible the rapid analysis of the “complex (!)” mixtures 
of long-chain aliphatic compounds, which were known to make up the bulk of the protective 
external wax layers of higher plant leaves. Our principal analytical tool was considered 
cutting edge technology of the day – the Pye ‘Argon Gas Chromatograph’, which we had 
“smuggled” into the University of La Laguna from Cambridge, as our “baggage”. 
The project was conceived as a somewhat naive effort to emulate Darwin’s seminal 
work on the finches of the Galapagos – but by using the distributions of n-alkane homologues 
instead of beak morphology. Our hypothesis was that the n-alkane patterns would reflect the 
evolutionary development of the Canary flora, following colonization from Africa a few 
million years ago and the subsequent radiative evolution into the diverse habitats of these 
volcanic and mountainous islands. The results for some 50 plant species obtained by the 
spring of 1961 were inevitably somewhat inconclusive, but none-the-less intriguing (Eglinton 
et al., 1962a, b).  Half a century later, such n-alkane analyses can be seen to have constituted 
one of the initial points of departure for the subsequent world-wide development of molecular 
markers as tools for exploring the natural world. Indeed, long-chain n-alkanes epitomize the 
concept of a “biological marker”, a specific compound (or class of compound) that retains its 
original biochemical imprint through time and space as distinctive molecular structure and 
isotopic composition (12C, 13C, 14C and 1H and 2H). Such persistent imprints for these 
hydrocarbons result from their high chemical recalcitrance and valuable physical properties, 
notably crystallinity at ambient temperatures, extremely low water solubility and negligible 
UV light absorption. Leaf wax biogeochemistry has since developed to include a range of 
proxy relationships with numerous and increasingly diverse applications in 
palaeoenvironmental  and palaeoclimatological studies. 
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GLOBAL PERSPECTIVES ON BIOSPHERIC CARBON STORAGE AND 
TRANSFER TIMES IN RIVER BASINS  
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The burial of organic carbon produced by the terrestrial biosphere in marine sediments 
represents a key component of the carbon cycle that exerts long-term control on the balance of 
O2 and CO2 in the atmosphere. However, we presently have a limited understanding of the 
timescales involved in the storage of terrestrial biospheric carbon in drainage basins, as well 
as its transfer from continental to marine sediments. Molecular-level radiocarbon (14C) 
measurements provide a novel window on the dynamics of terrestrial carbon delivery to the 
oceans (e.g., Drenzek et al., 2007; Galy & Eglinton, 2011; Feng et al., 2013).   
A wide range of 14C ages have been observed for different organic components in 
rivers, indicating that land-ocean organic matter transfer may be rapid (years, decades) or may 
take place over centuries to millennia. This observation leads to questions concerning the 
controls of drainage basin properties on biospheric carbon dynamics within continental 
drainage basins, the provenance and transformation of organic signals emanating from river 
systems, and past variability in storage times of organic carbon on the continents. 
This presentation will synthesize observations from studies of a broad range of 
modern fluvial systems in order to explore the factors that influence the 14C age of specific 
components of terrestrial biospheric carbon carried by rivers to the ocean.  Radiocarbon 
measurements were made on molecular markers of vascular plant input (plant leaf waxes and 
lignin-derived phenols) isolated from particulate matter collected near the terminus of 
different river systems.   Additional molecular isotopic (stable carbon and hydrogen isotopes) 
measurements of specific markers are used to provide complementary information on the 
provenance of the vegetation signals and on regional environmental conditions.  
Several findings have emerged from this study: First, there is the strong general 
relationship between 14C content of plant biomarkers and the latitude of the river basin, with 
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lower 14C values (i.e., older 14C ages) at higher latitudes (Figure 1).  This suggests that 
temperature exerts a major control on biospheric carbon storage times within watersheds.  
Second, the latitude-age gradient differs among plant biomarkers, with plant waxes showing a 
greater range in 14C characteristics than lignin-derived phenols.  These contrasting trends 
must reflect different turnover rates and transport pathways for different biospheric carbon 
pools. Third, the variability in ages among different rivers and between different compound 
classes is greatest at high latitudes, suggesting additional controls on the age of biospheric 
carbon discharged from high-latitude drainage basins.  
These and related findings are discussed in the context of the biospheric carbon 
mobilization and storage within drainage basins, as well as its implications for our 
understanding of continental organic carbon cycling and for interpretation of paleoclimate 
records. 
 
Figure 1.  Variation in 14C values (‰) of terrestrial biospheric carbon markers as a function 
of the latitude of the terminus of river basins.  
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Adamantanes are the simplest diamondoids consisting of a single cage structure; the 
simplest member of the group is adamantane (C10H16) a tricyclodecane. Analysis of numerous 
crude oils, condensates, and source rock extracts, using an in-house GCxGC-MS method 
optimized for diamondoid analysis, shows the presence of several isomers of the adamantane 
cage structure.  Figure 1 shows the GCxGC-MS distributions of m/z 136.125 +/- 0.02, the 
molecular ion of adamantane, of both a source rock extract (Fig. 1A) and a crude oil (Fig. 
1B). In the extract at least eleven different isomers were detected. 
 
 
 
Several of these components were identified by co-injection of synthetic standards; 
other components were tentatively identified by comparison with mass spectra published in 
the literature. Surprisingly, both twistane and protoadamantane, well-known isomers of 
adamantane, could not be confirmed by co-elution with a synthetic standard. 
 
The occurrence and abundance of the different isomers of the adamantane cage 
structure appears to be dependent on maturity.  In immature extracts (Fig. 1A) numerous 
isomers are present and in some cases the tentatively identified perhydrotriquinacene 
(compound B) is even more abundant than adamantane (compound C). With increasing 
1A 1B 
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maturity adamantane becomes the dominant component, as in the crude oil sample in Figure 
1B.  In high maturity condensates only adamantane is detected.  
 
This natural maturity sequence is consistent with the rearrangement reaction scheme 
proposed by Engler et al. (1973). They reported the thermodynamics of the conversion of the 
nineteen isomeric tricyclic C10H16 compounds to adamantane and showed that most of the 
steps of the complex reaction pathways leading to adamantane are exothermic.  There are two 
notable reaction steps that are endothermic and thus called “energetic bottle necks”.  Those 
steps are conversion of:  
1. perhydrotriquinacene  tricyclo[5.2.1.04,8]decane 
2. endo- and exo-tetrahydrodicyclopentadiene (THDP)  1,7-trimethylenenorbornane 
The most abundant isomer in immature rock extracts is perhydrotriquinacene (compound B, 
Fig. 1A) which is just in front of the first “energetic bottle necks” as described by Engler et 
al. (1973).  Further, we have observed that exo-THDP is also present (compound A, Fig. 1) 
whereas endo-THDP is absent.  Engler showed that both endo- and exo-THDP are just in 
front of the “energetic bottle necks” leading to 1,7-trimethylenenorbornane.  The observed 
absence of endo-THDP in the natural system led us to conclude that it is likely isomerized via 
an exothermic reaction to exo-THDP (Engler et al. (1973), after which exo-THDP is 
converted to 1,7-trimethylenenorbornane via an endothermic reaction.  
 
That we find samples in which the reaction network leading to adamantane is “caught 
in the act” and even in the oil window has not yet gone to completion is interesting. We have 
inferred that these components may be used as a maturity indicator with potentially a large 
operational window. In addition, we speculate that the origin of at least certain adamantanes 
at pre-oil cracking maturity levels may be derived from structures like triquinacenes of which 
functionalized versions have been identified in extant biomass. 
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The seasonality of sea surface temperatures (SST) estimated from the alkenone- UK37’ 
index has been a contentious issue since the development of the proxy. Given the marked 
seasonality in the abundance of primary producers and the link between primary production 
and SST, it has been postulated since the inception of this paleotemperature  proxy  that the 
sedimentary signal may reflect the season of maximum alkenone production in the surface 
ocean, which is generally argued to be within the time frame of spring to summer (Brassell, 
1993; Brassell et al., 1986; Conte et al., 1992; Leduc et al., 2010; Prahl et al., 2000; Schneider 
et al., 2010; Sikes et al., 2002). This interpretation is somewhat contradictory with the results 
from the global core-top calibration of UK37’, where the best fit is obtained with annual mean 
SSTs (Müller et al., 1998). But, there is a lack of understanding of key processes that lead to 
the accumulation of alkenones in sediments, among which include the depth and seasonality 
of export from the euphotic zone as well as the relative importance of complications caused 
by lateral advection of relict signals (Bendle and Rosell-Melé, 2004; Benthien and Muller, 
2000; Prahl et al., 2010; Rühlemann and Butzin, 2006).  
Using a compilation of sediment trap time series data from 34 sampling locations, we 
show that alkenone fluxes to the deep sea are not necessarily coupled to patterns of net or 
export primary productivity or organic carbon fluxes. The studies carried out to date indicate 
that the seasonality of maximum alkenone fluxes vary markedly across the oceans, depending 
on the characteristics of the local oceanographic settings, rather than driven just by 
latitudinally dependent light availability. The seasonality of the fluxes to sediments may also 
be altered due to the complexity of sedimentation processes and a consistent single seasonal 
pattern for alkenone fluxes is not globally apparent. Export in seasons of low alkenone 
production in surface waters appear to be less attenuated with depth relative to that of seasons 
of high alkenone production in surface waters. 
Nevertheless, flux weighted UK37’ values display a global correlation with mean 
annual SSTs (0 m) that closely resembles the standard calibration equation derived from 
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experiments with a Emiliania huxley culture and modern surface sediment records. Thus, with 
the exception of some oceanographic locations near major hydrographic fronts, the integrated 
sedimentation patterns for UK’37 represent annual mean SST. 
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Organic biomarkers extracted from black shales and other sedimentary rocks are 
valuable sources of information on the biodiversity and environment of early Earth. However, 
many biomarkers from Precambrian rocks are suspected of being younger contamination. An 
alternative approach is to study biomarkers trapped in oil-bearing fluid inclusions by bulk 
crushing samples followed by gas chromatography-mass spectrometry. However, this method 
does not constrain the biomarkers to one particular oil inclusion, so a mixed signal from 
several different generations of oil inclusions may be obtained.  
Previous work using time-of-flight secondary ion mass spectrometry (ToF-SIMS) has 
shown that it is possible to detect hopanes and steranes in single oil-bearing fluid inclusions 
(Siljeström et al., 2010). Here, single fluid inclusion analysis has been performed on 
Proterozoic samples for the first time. Four individual oil-bearing fluid inclusions, found in 
1430 Ma sandstone from the Roper Superbasin in Northern Australia, were analysed (Fig. 1). 
The ToF-SIMS spectra of the oil in the different inclusions are similar to each other and 
differed considerably from spectra collected from the surface before sputtering and analysis, 
indicating minimal input from any surface contaminants to these spectra. The spectra are 
consistent with the presence of alkanes, aromatic hydrocarbons, steranes, aromatic steroids 
and hopanes (Fig. 2). These results are in agreement with those obtained from bulk crushing 
of inclusions trapped in the same samples, except for the detection of steranes and aromatic 
steroids. Steranes mostly originate from lipids found in the cell membranes of eukaryotes, so 
the data are consistent with eukaryotes existing at least by 1430 Ma, as the likely source rock 
of the oil (the Velkerri Formation) is older than the sandstone. 
The ability to study minute amounts of organic compounds with high spatial control is 
of great value, since the input from different organic phases can be better constrained, 
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including different generations of inclusions and contaminants. The ToF-SIMS analysis 
technique is applied to individual oil inclusions, thus opening up the possibility of extending 
the hydrocarbon and biomarker composition of fluid inclusions further back into deep time, 
allowing us to trace the early evolution of life on Earth. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Fluorescence micrographs of an oil-bearing fluid inclusion (a) before and 
(b) after opening and analysis. Transmission micrographs of the same oil-bearing fluid 
inclusion (c) before and (d) after opening and analysis. 
 
Figure 2. Positive ToF-SIMS spectra (m/z 155.0-265.0) of (a) the Jamison oil at -20°C, 
(b) the oil from the fluid inclusion in Figure 1c, and (c) the oil from another fluid inclusion. 
Labeled peaks indicate aromatic moieties. 
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GASH is the first and largest research initiative in Europe focussed on shale gas. It 
concentrates on the two basic geological variables establishing economic viability, namely 
gas in place (GIP) and the delivery of gas to the wellbore. The Cambrian Alum Shale from 
Sweden and Denmark, the Lower Jurassic Posidonia Shale and Lower Cretaceous Wealden 
from northern Germany, and Carboniferous black shales from the UK in the west via the 
Netherlands to Germany in the east are the natural laboratories under study. 
Here we draw on contrasting geochemical and petrophysical results from all areas, but 
use the Posidonia Shale of Germany as the central focus. We have developed a fully 
integrated 3D high resolution numerical petroleum systems model covering an area of 
200x150 km incorporating the Lower Saxony Basin and parts of the Pompeckj Block and 
Münsterland Basin. Using a compilation of erosion maps calibrated by vitrinite reflectance 
and downhole temperature data a differentiated image of the maturity distribution of the 
source rock members has been achieved.  
Mass balance modelling revealed expulsion efficiency throughout the liquid window 
was very high. The kinetics of primary (from kerogen) and secondary gas generation (from 
unexpelled oil) was used to predict yields. An additional late gas charge (Rm > 2%) was 
shown to significantly contribute to total gas. The phase behaviour of cumulative and 
instantaneous fluids was shown to play an overriding control of GOR in the late oil window 
(Rm = 0.88 – 1.45%) in response to regional inversion. 
As far as reservoir evolution is concerned, porosities decrease through the oil window 
(Rm < 0.88%) as a result of compaction and filling of pores with bitumen. In the gas window 
(Rm >1.45%) values returned to about 9-12%, and can be ascribed to the cracking of bitumen 
and associated generation of pores, and/or gas ex-solution from a liquid phase during 
inversion. Electrical resistivity initially increases, and then decreases to the lowest values 
measured over the aforementioned maturity range. The development of pores due to organic 
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matter degradation and gas generation is reflected in the existence of a strong positive 
correlation between the TOC and total porosity. There is no similar correlation at lower 
maturity. In the immature Posidonia Shale, 96% of porosity was found to be present in the 
mineral matrix with only 4% related to phytoclasts. On the other hand, for the shale at Rm = 
1.45%, 75% of visible porosity is associated with organic matter. We have documented 
geochemical and mineralogical heterogeneities down to the nanometre scale within the 
investigated samples as a function of their level of thermal maturity using STXM. Different 
types of bitumen, very likely genetically derived from thermally degraded organic precursors, 
have been detected in close association with authigenic minerals. Macroscopic fracture-filling 
bitumen with the same organic chemical signatures as one family has been documented. 
Chemical signatures were calibrated to compound classes. Importantly, the formation of 
nanoporous pyrobitumen has been inferred for samples of gas window maturity. 
Concerning sorption, the effects of moisture content, temperature and clay mineral 
composition on sorption capacity were studied systematically, and the exercise revealed how 
sensitive the data are to storage conditions and preparation methods. Nevertheless, the 
relationship between organic matter structure and adsorptive properties could be revealed 
using thermal analysis. Links between these physical attributes and chemical behaviour 
(richness, gas-oil ratio, kinetic parameters) were revealed for the first time.  
In short, deposition, diagenesis and maturation together determine the amount of gas 
source material in the shale, the extent of gas generation (from numerous organic precursors), 
the amount of gas retained or lost, as well as the fabric and strength of the rock. All these vary 
for better or for worse in the geological depressions and structures that underlie Europe. 
Based on our results the Posidonia Shale continues to stand out as a prime target for testing of 
in-situ hydrocarbon potential, should the political wind in Germany change. 
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Green algae are one of the major groups of oxygenic photosynthetic eukaryotes. The 
green lineage (or Viridiplantae) arose 1 to 1.5 Ga ago when a heterotrophic eukaryotic cell 
engulfed a prokaryotic cyanobacterium which ultimately became transformed into the cell 
plastid. Two distinct clades arose from this line: the Chlorophyta which includes the 
microalgal classes Prasinophyceae (mainly marine), Trebouxiophyceae and Chlorophyceae 
(both mainly freshwater) and the Streptophyta which includes the charophytes from which 
land plants evolved (Leliaert et al., 2012). Microalgae from the green algae lineage have been 
important sources of lipids preserved in ancient sediments. Notable examples include the 
genus Botryococcus (Trebouxiophyceae, Chlorophyta) the algal remains of which have been 
identified in sediments ranging from Precambrian to Recent including organic-rich Torbanites 
(Glikson et al., 1989) and Tasmanites (Prasinophyceae) the main alga contributing to 
Tasmanite oil shales of Permian age (e.g. Revill et al., 1994). We have carried out an 
extensive survey of the lipids of a number of different strains in the Chlorophyta and report 
here on the diversity of lipid pathways found together with the occurrence of a number of 
unusual biomarkers and their potential as age-diagnostic markers. 
 Given the evolutionary linkages between higher plants, chlorophytes and 
prasinophytes one might expect some similarities in the lipid biosynthetic pathways found 
there. High contents of C18 unsaturated fatty acids are common in plants and green microalgae 
although this is extended in the prasinophytes to include 18:4 and 18:5 fatty acids. Saturated 
long-chain (>C20) fatty acids which are common in higher plants are only minor constituents 
of a few green microalgae. Similarly the major sterol in most higher plants is 24-
ethylcholesterol (sitosterol), but many chlorophytes including Chlorella spp. also produce a 
diversity of Δ7-sterols and a wider range of side-chains and some prasinophytes produce 
mostly the C28 sterol 24-methylcholesterol.  
 Higher plants contain a variety of long-chain (C16-C22) hydroxy fatty acids and 
dicarboxylic fatty acids interesterified to form the biopolymers cutin and suberin. An exact 
equivalent is not found in the green microalgae although we have found a number of 
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distinctive very long-chain hydroxy fatty acids including C28 and C30 α-OH fatty acids and 
long-chain ω-hydroxy fatty acids in some freshwater chlorophytes.  
Much attention has been given to Botryococcus braunii which occurs in biochemically 
distinct forms called races A, B, L (Metzger and Largeau, 2005) and S (Kawachi et al., 2012). 
Race A produces large amounts of long-chain C25-C31 alkadienes and alkatrienes, but lacks 
acyclic isoprenoid alkenes. Race B contains abundant C30-C37 triterpenoid hydrocarbons 
(botryococcenes) as well as squalene and methylated derivatives including tri- and 
tetramethylsqualene. Race L contains the C40 isoprenoid lycopadiene 
2,6R,10R,14,19,23R,27R,31-octamethyldotriaconta-14(E),18(E)-diene and related tetra-
terpenoid ethers termed lycopanerols and high molecular weight polyaldeydes. The newly 
defined S Race produces C18 and C20 n-alkanes and epoxy alkanes but lacks botryococcenes 
and lycopadiene. Kawachi et al. (2012) examined 31 strains from Japan and showed that each 
of the clades identified from 18S rRNA sequences corresponds to the biochemically defined 
races and that maximum divergence values suggest a number of species being present.  
The geological record suggests that the botryococcene and lycopadiene biosynthetic 
pathways must have evolved fairly recently, possibly no earlier than the Eocene (55 Ma), and 
thus even more recently than highly branched isoprenoid (HBI) alkenes produced by diatoms 
that evolved no later than 92 Ma ago. These compounds thus show promise as age-diagnostic 
biomarkers in organic geochemistry studies. The contributor of organic matter to sediments 
older than the Eocene is thus more likely to be an ancestor of Botryococcus that lacked the 
ability to produce botryococcenes or lycopadiene.  
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Organic-matter-rich shales can be several hundreds of meters thick; however, specific 
rock characteristics such as organic matter content and kerogen type can significantly vary 
within thin intervals. Under suitable thermal maturities these shales may become source and 
reservoir rocks. As many of the thin shale intervals are likely to be hydraulically disconnected 
such self-sourced “micro-reservoirs” may host fluids of variable composition. For proper 
resource evaluations and production forecasts it is therefore fundamental to assess kerogen 
and hydrocarbon fluid properties at high resolution. 
Fluid properties are basically linked to the original kerogen composition, the expulsion 
efficiency and the thermal history of the sedimentary basin. Well-established geochemical 
indicators can be used to characterise these rock properties. However, geochemical analyses 
for only a limited number of samples collected at conventional sampling resolution may result 
in misleading interpretations. Therefore we will illustrate in this presentation the paramount 
importance of high resolution sample analyses for a thorough resource potential assessment in 
an unconventional petroleum system.  
The samples analysed for this study are derived from several wells targeting the same 
stratigraphic formation. The sample set represents a natural maturity sequence ranging from 
the late oil to dry gas window. Applied geochemical analyses comprise but are not limited to 
high-resolution TOC measurements on a centimetre scale, conventional Rock-Eval analyses 
on a decimetre scale, and meter by meter molecular and isotopic mud gas analyses. 
Our data, derived from proprietary LIPS (Laser Induced Pyrolysis System) 
measurements [1], clearly indicate highly heterogeneous vertical distributions of organic 
matter contents on centimetre scales. High-resolution mud gas data also revealed that most 
gas compositions (Figure 1) follow the expected maturity trend as already observed elsewhere, 
e.g., in the Barnett shale [2]. However, in selected intervals the gas compositions are off the 
expected maturity path (see green circle in Figure 1). By complementary geochemical 
analyses of the kerogen we have unravelled the controls on the gas composition within single 
intervals of the target formation. The high data density also allows an improved definition of 
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average kerogen characteristics for individual zones. Geochemical kerogen and fluid 
characteristics of selected intervals are linked to the respective productivities. Consequently, 
our geochemical data help to allocate suitable target zones for, e.g., horizontal drilling, in any 
future development well. 
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Figure 1: Gas wetness plotted over the carbon isotopic composition of ethane (C2H6). Data are 
derived from mud gas analyses (see text for further details). 
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We reconstructed δD values of meteoric waters on an ancient landscape using plant 
wax D/H, fractionation factors based on lipid carbon isotope signatures and a comprehensive 
treatment of uncertainty.  Our approach is illustrated and tested using new isotope data for 
plant waxes, lignin monomers and minerals from Olduvai Gorge, Tanzania, a World Heritage 
site of early human habitation. The isotopic abundances of plants and water offer potent 
insights to linkages between the water cycle, physical properties of landscapes, and the 
productivity, composition and structure of vegetation.  Robust reconstructions of source-water 
isotopic signatures require reliable estimates of the net fractionation during hydrogen uptake 
and lipid biosynthesis, so-called “apparent” fractionation (εa).  Although there is much to learn 
about how water hydrogen is fractionated in soils and by plants during uptake, growth, and 
lipid synthesis, modern plant groups show consistent patterns. 
Carbon isotopic signatures of soil organic matter and leaf waxes reflect ecosystem 
properties. The proportion of carbon from C4 plants, largely grasses, and C3 vegetation, 
including herbs and woody plants, can be estimated as a linear function of two end-member 
isotope values.  To estimate the proportions of woody and non-woody C3 plants (–22 ≤ δ13C31 ≤ 
–40‰), we use δ13C of hentriacontane (nC31) and a function based on modern vegetation:    
fC3-woody = (sin(–1.83530 – 0.08538 δ13C31))2 
Ecosystem reconstructions provide an estimate of water-lipid fractionation on the ancient 
landscape from isotopic mass balance and compiled εa values for modern plants:2 
εlandscape = fC3-woody(–109±8‰) + fC3-nonwoody(–124±10‰) + fC4-grass(–146±8‰) 
 
Archaeological excavation of a paleosol horizon at Olduvai provided access to biomarkers of 
spatially separated vegetation that coexisted on the 1.845 Ma landscape.  Lignin monomer 
ratios and δ13Clignin values confirm plant types independently of δ13C31-based estimates. 
Although measured δD31 values differ by nearly 40‰ across the site, mean reconstructed 
δDH2O values fall within a four permil range (–7±2‰; 95%; n = 13; Figure 1).  δDH2O 
reconstructions paired with mineral-oxygen isotope data plot on a regional meteoric water 
line. This confirms the approach, and indicates reconstructed values represent precipitation, 
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Figure 1.  Carbon and hydrogen isotopic data
for nC31 and reconstructed δDH2O values.
Samples are separated up to ~1 km across the
paleosol FLK-Zinj and adjacent sites at
Oldvuai Gorge, Tanzania. εlandscape values were
calculated individually for each sample using
δ13C31 values. Lignin monomer ratios (C/V)
and δ13C data (not shown) confirm vegetation
reconstructions based on δ13C31. 
not highly evaporated soil water.  A constant εa would have masked the effects of vegetation 
and led to inconsistent water reconstructions.  This study illustrates the power of using carbon 
isotopic data to constrain interpretations of hydrogen isotopes measured in plant waxes.  
Uncertainty in reconstructed δDH2O values are dominated by estimates of εa.  This 
uncertainty is present even if one assumes a constant value or elects not to adjust delta values 
with fractionation estimates, because both δD and εa vary among modern plants, due to 
variations in soil or leaf evaporation, plant hydrogen pools, and biosynthesis.  Thus, good 
practice includes identifying and treating uncertainty in εa explicitly in all interpretations of 
molecular hydrogen isotope data, whether or not they are used to estimate source water.  
Propagation of uncertainties in landscape a: 
 
and water D values: 
 
yield an uncertainty in DH2O that varies slightly 
with dominant vegetation (woody ±13‰; grass 
±17‰).  The dispersion in reconstructed water 
values is substantially smaller than the 
uncertainty from landscape, which suggests 
modern empirical a data likely overestimate 
uncertainty in paleowater reconstructions. We 
conclude carbon-isotope-based estimates of D/H 
fractionation factors and best practices in 
managing uncertainties will strengthen the 
contribution of biomarker data to 
paleohydrologic and paleoclimate studies.  
 
REFERENCES 
1Magill C.R., Ashley G.M. and K.H. Freeman (2013) 
Ecosystem variability and early human habitats in 
eastern Africa, Proc. Nat. Acad. Sci. 110, 1167–
1174 
2Magill C.R., Ashley G.M. and K.H. Freeman (2013) 
Water, plants and early human habitats in eastern 
Africa, Proc. Nat. Acad. Sci. 110, 1175–1180 
 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 54 -
AN EARLY DIAGENETIC CONTINUUM: STEROID BIOMARKERS 
EXCEPTIONALLY PRESERVED IN THE PALEOZOIC  
 
Ines M. MELENDEZ1*, Kliti GRICE1, Kate TRINAJSTIC1, Roger SUMMONS1,2 and 
Lorenz SCHWARK1,3 
 
1. WA-OIGC, Department of Chemistry, Curtin University, Perth, WA, Australia  
2. Department of Earth, Atmospheric and Planetary Sciences, MIT, Cambridge,01239, USA 
3. University of Kiel, Ludewig-Meyn Str. 10, 24118 Kiel, Germany 
*) Corresponding author: ines.melendez@curtin.edu.au 
 
Fossils found with exceptional preservation, including original bone, mineralised soft 
tissues and, unique low-maturity biomarkers and lipids are found within carbonate 
concretions from the late Devonian Gogo Formation, located in the Canning Basin, north-
western Western Australia. Biomarker and stable isotopic analysis have recently recognised 
the presence of an active sulfur cycle including sulfate reduction and persistent photic zone 
euxinia (PZE) playing a pivotal role in the preservation of one of these invertebrate fossils 
(Melendez et al., 2013).  
Steranes, hopanes, aryl isoprenoids and intact isorenieratane (e.g., Grice et al., 2005), 
n-alkanes, and branched-alkanes show distributions that vary from the interior of the 
carbonate concretion to the surrounding Gogo Black shales (Grice, et al., 2013 and references 
therein, these proceedings), suggesting different sources contributing to the organic matter. In 
addition, periodic versus persistent PZE conditions during preservation of the crustacean and 
precipitation of the surrounding carbonate nodule prevailed. Among the biomarkers, steranes 
are the most concentrated in the fossil sample showing a remarkably low thermal maturity 
(C29 sterane 20R/ (20R+20S) of 0.8). The abundance of  cholestane 20R confirms the 
identification of the organism as a crustacean and represents the first use of chemotaxonomy 
at this location (Melendez et al., 2013). Further investigations confirmed steranes are 
indigenous to the exceptionally preserved crustacean, in which not only soft tissue is 
preserved but also intact functionalised steroids (e.g. sterols and methyl sterols). For the first 
time intact sterols along with their diagenetic intermediates (steranes, sterenes, diasteranes, 
diasterenes, stanols, stanones, Figure 1) are identified in the fossil concretion, suggesting the 
extent of the preservation is evident at a molecular level during the early stages of diagenesis. 
Also the presence of e.g. monoaromatic (MAS) and traces of triaromatic steroids (TAS) 
supports microbial transformation over thermal diagenesis of steroid precursors.  
All the steroids identified are indigenous to the fossil and concretion, and coexist, 
reflecting a diagenetic continuum identified for the first time in the Paleozoic. The complex 
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mixture of steroids found in the sample corroborates the sequential biochemical 
transformation undergone by sterols at early stages of diagenesis proposed by Mackenzie et 
al. (1982). This exceptional preservation of organic matter within the concretion points to 
progressive encapsulation and ongoing microbial alteration leading to the coexistence of the 
intact sterols and their microbial derivatives. 
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Figure 1. a) Steroids identified in the 
concretion, showing a diagenetic 
continuum that resembles the 
diagenetic pathway proposed by 
Mackenzie et al., 1982. b) Relative 
proportion of steroids within the 
fossil.  
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Heavy oil and oil sands resources are increasingly becoming one of the most 
important oil supplies to the world. Recovery processes for this type of resource are mainly 
based on enhanced oil recovery (EOR) methods (Ali and Thomas, 2000; Thomas, 2008). 
Steam assisted methods such as steam-assisted gravity drainage (SAGD) and cyclic steam 
stimulation (CSS), are two of the procedures most frequently used, with operating 
temperatures generally up to 250 °C and 330 °C, respectively. Under these conditions, 
chemical transformations in the oil composition, involving thermolysis and aquathermolysis, 
are expected (Katritzky et. al, 2001, Rubinstain and Strausz, 1979). The present study 
investigates the production and sources of aromatic and sulphur aromatic compounds during 
heating experiments of oil sands with water under conditions that might ensue in an in-situ 
process where heat is applied to the reservoir via superheated steam, electrical heating or in 
situ combustion where water is present. The generation of these compounds directly affect oil 
fluid properties and may have environmental impact during thermal recovery production.  
The results show an overall increase in the hydrocarbon fractions (saturated + 
aromatic hydrocarbons) and a decrease in the polar fractions (resins + asphaltenes) with 
increasing heating time. At a molecular level, in the aromatic hydrocarbon fraction mono-, di- 
and triaromatic hydrocarbons are generated during the performed hydrous pyrolysis 
experiments. For example, Figure 1-a shows the increasing concentration of 
alkylbenzothiophenes, and alkyldibenzothiophenes with increasing heating time. These sulfur 
aromatic hydrocarbons had been totally removed by biodegradation in the investigated 
unheated oil. Their production during thermal recovery procedures may be of environmental 
concern, due to their relatively high water solubility. Alkyltoluenes, alkylnaphthalenes and 
alkylphenanthrenes concentrations (among other aromatic hydrocarbons) also increase in the 
pyrolyzates with increasing hydrous pyrolysis duration, from zero in the original oil to a few 
thousand ppm after seven day of heating. Even though no major transformations were 
observed below 300 °C (i.e. 250 °C), the kinetic behaviour of the thermal decomposition of 
oil suggests that chemical reactions may take place at lower temperatures, over longer periods 
of time. A detailed analysis of the polar fractions by Fourier Transform Ion Cyclotron Mass 
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Spectrometry (FT-ICR MS) reveals that dealkylation, increase in aromaticity (Fig. 1-b), 
decarboxylation, removal of sulfur (and nitrogen to a lesser extent), and addition of oxygen 
likely from water are the main transformations taking place in the oil heavy ends under 
simulated thermal (non-catalytic) recovery conditions, generating the new compounds 
observed in the oil hydrocarbon fraction with increasing temperature and time of processing.  
The results from water hydrogen labelling experiments, as well as variations in the oxygen 
isotopic composition of water, i.e. 18O values, with increasing hydrous pyrolysis duration, 
also suggest that water plays a role in the oil upgrading reactions. 
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Figure 1.  (a) Generation of: C0-C2 alkylbenzothiophenes and C0-C2 alkyldibenzothiophenes, 
during 1 to 7-day hydrous pyrolysis at 300 ⁰C and 350 ⁰C. (b) Modified Kendrick plots 
(carbon# vs DBE) of N1 class compounds in positive ESI mode for the unheatedl oil sample 
and the process oil after 7 days of hydrous pyrolysis at 350 ⁰C. Modified Kendrick plots are 
normalized to the most abundant compound of the illustrated compound class. 
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Ooids are small spherical to ellipsoidal, sand-sized grains composed of concentric 
layers of calcium carbonate and organic matter.  They are typically 2 mm in diameter or less 
and accrete around a nucleating fragment in dynamic tropical environments.  In the 
contemporary oceans, oolitic sands are mostly confined to areas of the Atlantic and Indian 
oceans, for example, in Exuma Sound, Bahamas and in Hamelin Pool, Shark Bay, Western 
Australia and are notably rare in the Pacific ocean.  However, oolites are a common 
constituent of ancient carbonate platform sequences and are renowned as forming excellent 
petroleum reservoirs and building stones.  
To search for evidence of microbial activity in modern and Holocene ooids we 
collected and analysed samples from intertidal waters, beaches and outcrops in the Bahamas 
and in Shark Bay in Western Australia using a range of molecular and isotopic techniques.  
Modern samples from Highborne Cay in the Bahamas and from Carbla Beach in Hamelin 
Pool, Western Australia, showed abundant and notably similar distributions of intact polar 
lipids as well as hydrocarbons, fatty acids and alcohols.  A large fraction of these lipids were 
bound into the carbonate matrix, and progressively released during acid dissolution, 
suggesting that these lipids were being incorporated continuously during ooid growth.  The 
distributions of hydrocarbons, and their disparate carbon and hydrogen isotopic signatures, 
were consistent with mixed input from cyanobacteria (C17-C19; ä13C -15 to -24 ‰VPDB) 
together with small and variable amounts of vascular plant leaf wax (C27-C35; ä13C -25 to -
32 ‰VPDB).  The fatty acids (FA) comprised a complex mixture of C12-C18 normal and 
branched short-chain compounds with the predominant straight-chain components attributable 
to bacteria and/or cyanobacteria.  Specific branched FA together with the prevalence of 
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elemental sulfur in some extracts, indicate an origin from sulfate reducing bacteria.  H-
isotopic compositions of the fatty acids in each sample vary widely, consistent with inputs 
from both autotrophs and heterotrophs.  An enigmatic lipid assemblage comprises an 
homologous series of long-chain (C24-C32) FA with pronounced even carbon number 
preference.  Typically, such FA are thought to originate from land plant leaf wax but, in this 
case, their 13C-enriched isotopic signatures compared to co-occurring n-alkanes indicate a 
microbial origin. We also identified a diverse assemblage of bacteriohopanepolyols in the 
intertidal samples while, in the Holcene oolites, these were reduced to simple mixtures of 
hopanols and hopanoic acids.  
Clone libraries derived from small subunit ribosomal RNA gene fragments indicate 
that the overall bacterial diversity within ooids is similar to that found within thrombolites and 
stromatolites of Highborne Cay (Edgcomb et al., 2013; Foster et al., 2009; Myshrall et al., 
2010).  Cyanobacteria were the most diverse taxonomic group detected, followed by 
Alphaproteobacteria, Gammaproteobacteria, Planctomyces, and Deltaproteobacteria.  A high 
relative abundance of glycolipids 1Gly-DAG and SQ-DAG comprised of C16:0 fatty acids and 
C18 PUFAs corroborate that cyanobacteria are the most dominant phylogentic group in the 
ooids.  The generic phospholipids PE-DAG and PG-DAG are abundantly found among the 
Proteobacteria, and their potential source organisms in the ooids can be either the Alpha-, 
Gamma- or Deltaproteobacteria.  There was significant overlap in taxonomic groups between 
ooid sand and microbialite samples from Highborne Cay, suggesting that ooid sands may be a 
source for much of the bacterial diversity found in the associated microbialites. 
Lastly, petrographic analysis of ooids from Highborne Cay and Hamelin Pool showed 
considerable disruption of the laminations in the ooid cortices consistent with the fact that 
boring, microbial colonisation, and re-cementation were common occurrences in the lifetime 
of an ooid.  Confirmation, if any was needed, was provided by 14C analysis of both the 
carbonate and organic phases.  These data show that ooids accrete discontinuously and on 
thousand-year timescales.  
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Natural organic matter (NOM), a very complex mixture of organic molecules, is synthesized 
within the general constraints of thermodynamics and kinetics from molecules of geochemical 
or ultimately biogenic origin. The diversity of NOM molecular signatures often approaches 
the very limits imposed by the laws of chemical binding. Degradative analysis of NOM 
destroys the sample in the beginning to recover a suite of known decomposition products, like 
amino acids, carbohydrates, lignin phenols and lipids. These targeted analyses typically 
account for about 2-30% of the organic carbon, depending on age, environment and 
diagenesis. 
 Successful non-target molecular-level analyses of NOM attempt to characterize the 
entire carbon present in NOM by means of information-rich detection methods such as NMR 
spectroscopy (nuclear magnetic resonance; provides unsurpassed insight into close-range 
molecular order) and FTICR mass spectrometry (Fourier transform ion cyclotron resonance; 
provides depiction of the compositional space with unsurpassed resolution). By these means, 
NOM of widely different origin and evolution has been characterized with extraordinary 
coverage of proton, carbon and heteroatom chemical environments, including marine organic 
matter, one of the largest, yet least characterized reservoirs of NOM on earth. 
 Marine organic matter isolated by solid phase extraction (SPE-DOM) represents a fair 
compromise between low expenditure and satisfactory recovery of carbon (commonly 40 %) 
and comprises molecular features which lead to slow transverse NMR relaxation, likely 
associated with its marginal metal content and near absence of very large molecules capable 
of strong interactions with solutes (like carbohydrate-rich marine gels). NMR and FTICR 
mass spectra of marine SPE-DOM exhibit superior resolution and coverage in comparison 
with those obtained from all other marine organic matter isolates obtained so far. 
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 The two overwhelmingly present molecular motifs of marine SPE-DOM were 
extensive aliphatic branching near the statistical limits of molecular diversity and a distinctive 
average proximity of sp3-hybridized (hydro)carbon units (CnCH4-n; n = 1-3) to carbonyl 
derivatives COX in carboxyl-rich alicyclic molecules (CRAM), suggesting a prevalent 
alicyclic geometry. In addition, an excess abundance of olefinic over aromatic unsaturation in 
marine SPE-DOM for both proton and carbon chemical environments was established and 
offers novel opportunities to trace the biogeochemical heritage of the oceans. The conformity 
of some key NMR and FTICR/MS signatures suggests the presence of a numerous set of 
identical molecules throughout the entire ocean column even if the investigated water masses 
belonged to different oceanic regimes and currents. FTICR mass spectra revealed a distinct 
CHOS chemistry for both surface (photochemistry) and abyssopelagic (sediment leaching) 
open ocean SPE/DOM. 
 Owing to excellent resolution and S/N ratio of high field NMR spectra (800 MHz; B0 
= 18.8 T), already one-dimensional 1H NMR spectra of marine SPE-DOM obtained from 
different marine waters were remarkably dissimilar. Furthermore, COSY NMR spectra of 
marine SPE-DOM, which were not available from any previous marine organic matter, 
displayed several thousands of cross peaks, indicating >1500 compounds. COSY NMR 
spectra offer the best combination of sensitivity and resolution for comparative pattern 
recognition studies to differentiate oceanic water masses with respect to their organic 
biogeochemistry. 
 This contribution will demonstrate the capacity of modern organic structural 
spectroscopy to reveal the remarkable richness and diversity of marine organic matter. 
Individual biogeosignatures provide information about waters obtained at various depths, 
variable terrestrial influences at different locations, and seasonal variations.  
 High-quality molecular level characteristics of marine organic matter will carry a 
wealth of very specific information about the holistic biogeographical heritage of the oceans. 
Future in-depth functional biodiversity studies with a clear understanding of DOM structure 
and function might eventually lead to a novel, unified perception of biodiversity and 
biogeochemistry. 
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 Multiple lines of evidence from sediment cores collected in the DeSoto Canyon to the 
northeast and southwest of the Deepwater Horizon (DwH) blowout site indicate that petroleum 
interacted with and accumulated in the deep-sea sediments of the northern Gulf of Mexico.  
The primary hypotheses that can account for sedimentary oil deposition include, 1) direct 
contact between the sediments and subsurface oil plumes (“toxic bath-tub ring”) and 2) intense 
aggregation/flocculation and sinking of oil-associated surface particles (the “dirty blizzard”) 
that also include the transformation and selective sinking of pyrogenic petroleum components, 
and the enhanced input of terrestrially-derived components (lithic and organics) associated 
with the opening of river flood gates. Each mechanism defines a change in physical 
sedimentological conditions, is predicted by unique chemical indicators, and results in distinct 
biological impacts and consequences. This study integrates high-resolution physical 
sedimentology, chronology, radio- and stable-isotopes, metal and redox-chemistry, molecular 
organic geochemistry, macro-faunal and microbial ecology in the regional analyses of pre- and 
post-DwH blowout sediments. Within the blowout region, coherent spatial and temporal 
patterns of changing sediment accumulation rates, sediment texture, benthic faunal abundance 
and diversity and organic matter sources emerge to document the mechanism(s) responsible for 
and the geographic and depth-related constraints on sedimentary oil deposition and its 
associated biological impacts.   
 Associated with the blowout event in 2010, we are able to document (using the short-
lived radio-isotope, 234Th) an order of magnitude increase in sediment accumulation rates and a 
distinct regional decrease in grain size over this time interval. Organic geochemical analyses 
reveal a 20-fold increase in carbon loading (accumulation rate) that is temporally correlated 
with the end of 2010, not exactly synchronous with the blowout event itself (April-July 2010). 
Molecular organic geochemical analyses can be used as source indicators and show a dramatic 
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increase in petrogenic sources. During this interval, accumulation rates of Polycyclic Aromatic 
Hydrocarbons (PAHs) increase by 300-fold and include both petrogenic and pyrogenic sources. 
Interestingly, cores collected at plume depth (1000-1200 m), show enhanced concentrations of 
LMW PAH sources indicative of non-degraded petroleum, while cores from the 1500 m depth 
show a later predominance of pyrogenic PAH sources and other organic sources including 
terrestrial and bacterial biomass. By closely coupling chronology, sedimentology and organic 
geochemistry, the origin and mechanisms of the sedimentary oil deposition were documented. 
Cores collected at plume depths show evidence of two mechanisms were at work, initially the 
toxic-bath-tub ring, and then followed by the flocculent blizzard. For cores collected above and 
below the plume, geochemical data only indicate the blizzard mechanisms was active. 
The community structure and relative abundance of benthic foraminifera indicate that 
the benthic habitat was significantly affected.  Complete die-offs of benthic foraminifera are 
observed in association with the change in sedimentary regime and the inputs of PAHs at lethal 
and sub-lethal levels. An increase in the relative abundance of cyanobacteria in surficial 
sediments indicated that 
planktonic microorganisms 
were deposited in 2010, 
providing further evidence for 
the flocculent blizzard. 
Because inputs of toxic 
compounds (BTEX via the 
toxic-bath tub ring and PAH 
inputs predominantly via the 
flocculent blizzard) occur 
synchronously, it is difficult 
to define which mechanism 
was responsible for the demise of the benthic habitat. Additional organic geochemical and 
molecular genomic tracers of organic matter sources that complement ongoing sediment 
analyses that help to distinguish the sequence of mechanisms of sedimentary oil deposition 
will be discussed with the goal of defining spatial and temporal controls on habitat 
deterioration. This study is the first to define the sedimentological, organic geochemical and 
benthic habitat impacts of a deep-water petroleum blowout and will help to predict the 
consequences of future deep-water blowouts. 
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The fundamentals of geochemical fingerprinting (GF) in the oil industry have been 
described by several authors (e.g., Kaufman et al., 1987).  While detailed workflows vary 
between users, the overall approach of combining gas chromatography (GC) with software 
supported interpretation is common (McCaffrey et al, 2011 and Nouvelle et al., 2012).  The 
primary applications of GF include production back-allocation (Nouvelle et al., 2012), 
support of reservoir continuity studies (Westrich et al., 1999) and time-lapse geochemistry 
(Chouparova et al., 2010).  We will demonstrate the robustness of our workflow developed in 
the last few years, supported by selection of diverse case studies from petroleum systems in 
North America, South America and the North Sea.   
Our methodology is based on analysis of whole oil (black oil, gas condensate, heavy 
oil) or organic extracts from rock/sediment for the determination of ratios of heights of 
neighbouring chromatographic peaks. The use of ratios allows for mitigation of 
inconsistencies between light and heavy hydrocarbons due to reproducibility problems during 
sampling or analysis (Nouvelle et al., 2012).  In the case of allocation, the methodology 
allows the management of compositional changes of the end-members during production.  
The reservoir continuity assessment is based on the distribution analysis statistical method 
described by Nouvelle and Coutrot (2010).  Details of mathematics and physics behind the 
software used in our approach together with rigorous QC processes are described elsewhere 
(Nouvelle and Coutrot, 2010 and Nouvelle et al., 2012).   
We address several allocation studies of various complex scenarios.  Two and three 
end-member cases of ‘annoyingly similar fluids’ showed the average error on the proportion 
of allocated fluids between 1-2%.  For a two end-member case from the North Sea, 
percentage contributions from each back-allocated zone were calculated at 62:38 (± 2%), it 
was later confirmed by the operator that production estimates were 65:35.  In this case 
allocation was based on well test samples collected at different time periods than actual, 
commingled production samples.  A challenging case involving a ‘primary’ black oil, and a 
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biodegraded fluid, will also be presented where the average error between the actual and 
calculated result was approximately 0.4%.   
In an example from the Casabe South Field, Columbia, reservoir fluids are 
biodegraded to varying degrees resulting in a gradient of fluid properties laterally and 
vertically between producing intervals.  The initial test in one fault block from reservoirs A, B, 
C produced in the same well showed results calculated for GF within a ±3.9% average 
uncertainty.  Both the GF allocation and well test concluded that only one zone was the main 
contributor to the total flow.  Extension of the technique to additional blocks in the field, 
including allocation with one unknown fluid is ongoing and results will be presented.  The 
details and challenges related to each back-allocation case will be explained. 
The last case is an example of compositional grading and revisits an older published 
study from the Gulf of Mexico (Westrich et al., 1999). The literature discusses that physical 
property and bulk composition parameters vary systematically with depth in the reservoir.  
The study also noted that high resolution GC fingerprints were identical and within analytical 
error.  Using our approach we will demonstrate that the projections of chemical distances 
plotted in 2D space can clearly identify a subtle compositional gradation.  
This novel GF approach, combined with new data processing technology has been 
successfully applied in a series of global case studies, solving challenging production back-
allocation and reservoir continuity cases.  Numerous tests and calibrations with industry 
partners have been carried out to better the methodology and increase the overall accuracy, 
robustness and global applicability.   
The authors would like to thank Shell, Nexen, Ecopetrol and Schlumberger for 
donation of fluid samples and permission to publish. 
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A method for precise estimation of trophic position was recently developed using 
analysis of the nitrogen isotope composition of amino acids (McClelland and Montoya, 2002; 
Chikaraishi et al., 2009). This method is based on the empirical observations that difference in 
the δ15N values of glutamic acid and phenylalanine in a given organism is a simple function 
of trophic position of the organism. The method has an advantage over the commonly used 
bulk isotope method in that it is not influenced by the temporal variations in δ15N value of 
primary producer or substrate. The method has been proven useful for estimating the food 
sources of aquatic organisms, and has been applied in many ecosystems (Popp et al., 2007; 
Chikaraishi et al., 2009, 2010; Styring et al., 2010). In principle, the method is also applicable 
to organisms from the terrestrial environment, but their isotopic relationship among amino 
acids is different from that of aquatic organisms. Therefore, diets of omnivores like human 
cannot be uniquely resolved even in this methodology. 
Nevertheless, we have applied the nitrogen isotopic analysis of amino acids to the 
modern human nail (including 26 organic geochemists from many countries) as well as bone 
collagen of ancient human from several prehistoric sites in Japan (Naito et al., 2010, 
submitted). In Figure 1, we plotted these data with the analytical results of terrestrial fauna as 
background information. Before chemical fertilizers were prevailed, 15N values of 
phenylalanine from the terrestrial organisms excluding human range from 3 to 10‰ in many 
cases. Coastal human during the Jomon Period, a prehistoric era in Japan (15,000 to 2,800 
years ago) strongly relied their protein source on marine animals. In contrast, inland human 
predominantly relied on terrestrial ecosystem with apparent trophic position of 2.7 on average 
(Naito et al., submitted). As expected, our results of modern human suggested that their diets 
are much less relied on marine organisms relative to coastal ancient human. The apparent 
trophic position of modern human is ~0.5 unit higher than that of ancient inland human. 
Furthermore, reflecting denitrification in the modern over-fertilized soil, modern human is 
plotted in the range that phenylalanine is somewhat 15N-enriched relative to the line 
connecting between ancient coastal and inland human populations. We are currently 
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measuring terrestrial protein source of modern human diet (e.g., beef, checken, pork, etc.) for 
constraining the interpretation of the isotopic signature. Among modern human, 
phenylalanine from modern Japanese is somewhat depleted in 15N while glutamic acid is 
enriched in 15N relative to European people on average, reflecting more fish in their diets. 
 
Figure 1. A cross plot of nitrogen isotopic compositions of glutamic acid (Glu) and 
phenylalanine (Phe) from modern and ancient humans as well as terrestrial fauna without the 
influence of chemical fertilizer. Broken lines indicate isoclines of trophic position (TP) of 
terrestrial food web based on C3 plants. 
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The causes and consequences of marine anoxia represent some of the most important 
challenges in understanding the Earth system: anoxia exerts a primary control on the short- 
and long-term carbon cycle, governs the amount and distribution of source rock formation and 
could have driven major extinctions. It appears that ocean anoxia is associated with warm 
climates but the mechanisms for this remain unclear. Highlighting this is the fact that 
Mesozoic warming events are often associated with widespread marine anoxia (oceanic 
anoxic events, OAEs), but the pronounced (~5ºC) global warming of the Paleocene Eocene 
Thermal Maximum (PETM) was not. During the latter, only the appearance of isorenieratane 
in Arctic Ocean sediments is clear evidence for extensive water column anoxia. Here, we 
explore whether similar conditions occurred in the Peri-Tethys Basin. The Kheu River section 
in the North Caucasus, Russia, was deposited in a large, shallow epicontinental basin that 
stretched from the Caucasus to Tajikistan and was part of the northern Peri-Tethys Ocean. 
Here, the PETM is represented by a -5‰ carbon isotope excursion (CIE)1 and a co-occurring 
0.45-m thick sapropelitic bed (and an increase in TOC contents from ~1 to 6%) that is 
synchronous over the entire basin. 
The Kheu River sapropel is associated with dramatic changes in biomarker 
assemblages compared to underlying sediments, including increased high-molecular-weight 
n-alkane proportions (relative to total n-alkanes) and odd-over-even predominances, but also 
elevated concentrations of pristane and phytane relative to n-alkanes.  Combined with the 
marked increase in TOC contents, we suggest that these observations reflect a combination of 
increased algal production and terrigenous organic matter inputs.  We further argue that the 
two observations are related, with warming bringing about increased weathering (consistent 
with increased clay contents throughout the Peri-Tethys) and nutrient/terrigenous inputs that 
stimulated higher algal production.  This brought about water column anoxia, evidence for 
which comes from a 5x increase in lycopane/n-C31 ratios (as well as changes in trace metal 
distributions and iron speciation).  
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Glycerol dialkyl glycerol tetraether lipid distributions were also characterised in order 
to constrain the extent of warming.  TEX86 ratios are near saturation (>0.95 throughout the 
section), suggesting that sea surface temperatures were very high. However, the distributions 
are unusual, defined by unusually low proportions of GDGT-0 and very high proportions of 
the crenarchaeol isomer. This distribution is similar to that observed in the modern Red Sea 
and potentially indicative of mild hypersaline conditions in the Eocene Peri-Tethys.  
Our data indicate that processes were similar to those proposed for Cretaceous OAEs, 
in which warming results in increased nutrient inputs and productivity and expansion of 
anoxia.  However, it contrasts with those events in that the extent of anoxia is much more 
geographically restricted. This could be because the Peri-Tethys was a smaller nutrient trap, 
with a less pronounced influence on global ocean chemistry than the North Atlantic during the 
Cretaceous. We tested this using an Earth System model (CGENIE) that accounts for the 
main features of ocean dynamics and biogeochemical cycles. Indeed, CGENIE reproduces the 
contrasting regional patterns of ocean anoxia during the Cenomanian-Turonian boundary 
(widespread anoxia focussed in the N Atlantic)2 and the PETM (anoxia largely limited to the 
Peri-Tethys).  Crucially, in both cases, warming in and of itself, results in only an incremental 
expansion of marine anoxia; instead it confirms that such an expansion of anoxia requires 
elevated nutrient inputs, potentially derived from increased weathering. 
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During the Early Toarcian (Lower Jurassic; 183 Ma) enhanced organic carbon 
accumulation of transregional extent has led to the recognition of the Toarcian Oceanic 
Anoxic Event (T-OAE; Jenkyns, 1988). During this period the earth underwent significant 
environmental perturbations that led to one of the major biotic crises in the Mesozoic (e.g. 
Joral et al., 2011). However, factors contributing to the accumulation of large amounts of 
organic carbon in marine sediments are still debated (Piper & Calvert, 2009). 
We have investigated 30 m of Upper Pliensbachian and Lower Toarcian organic rich 
strata (TOC up to 12 wt.%) from the Lorraine Basin (NE-Paris Basin) covering the T-OAE 
with the objective to identify mechanisms controlling depositional conditions. High-resolution 
bulk geochemistry (652 samples) reveals strong evidence for a significant cyclicality of 
organic matter enrichment, whereby results from Rock-Eval pyrolysis indicate primary 
marine organic matter sources (kerogen type II).  
A continuous record of variations in depositional conditions and orbital frequency 
tuning was obtained from high-resolution magnetic susceptibility (MS), spectro-photometry 
(SP) and core-scanner XRF analyses (1 cm steps; 3037 data points). Results from XRF 
measurements were confirmed by additional ICP-OES analyses carried out on a smaller 
sample set (122 samples). Changes in redox-conditions revealed by Fe/S-ratios attest to a 
strong relation between organic matter enrichment and oxygen depletion and indicate highly 
fluctuating depositional conditions. The applicability of Fe/S-ratios as redox-parameter is 
confirmed by several other common redox-proxies  (e.g. V/Cr, or V/(V+Ni)).  Assessing the 
degree of basin restriction using Mo/TOC-ratios (Algeo & Rowe, 2012) indicated strong 
basin restriction during the elegantulum/exaratum subzone and weak basin restriction during 
the falciferum subzone, while the degree of basin restriction reflects periods of intermediate 
and high sea levels. A rise in sea level throughout the studied interval is confirmed by 
decreasing MS-values and decreasing Ti/Al and Zr/Al ratios indicative of clastic supply.  
Cyclostratigraphic analysis applied to magnetic susceptibility, sediment color and 
carbonate content reveals strong evidence for an orbital control of these parameters. Cycles 
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identified are interpreted as obliquity and eccentricity cycles, based on frequency ratios. 
Redox-conditions, organic matter and carbonate contents were controlled by 36 ka obliquity 
cycles, whereas variations in Mo/TOC-ratios match 100 ka eccentricity cycles. The obliquity 
control on organic matter is most pronounced during the stage of strongest basin restriction. 
The origin of a pronounced negative excursion in13Corg values during the T-OAE has 
been intensively debated, with the majority of literature sources favouring a recycling of 
organic matter derived 12C-enriched CO2 in the water column versus atmospheric input of 
13C-depleted CO2 potentially arsing from gas hydrate dissociation or gas release from Karoo 
coals due to volcanic intrusions. The tripartite carbon isotope excursion (CIE) previously 
noted in the Yorkshire Basin, where it was tied to 3 extinction events, is also evident in the 
Lorraine section. This provides strong evidence for a supraregional triggering of the CIE and 
a control by atmospherically delivered 12C-enriched CO2. 
 
Fig. 1: Selected geochemical proxies indicative for orbitally controlled changes in 
depositional conditions. The trend in 13Corg values marks the Toarcian CIE with a tripartite 
base (a, b, c), (previously observed for the Yorkshire section), confirming a supraregional 
character of the CIE and an atmospheric origin of 13C-depleted CO2. 
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Past investigations have developed TEX86 as a proxy for sea surface temperature 
(Schouten et al., 2002) and suggested that water temperature exerts principal control on lipid ring 
distribution among diverse Thaumarchaeota in the global ocean. Impacts from other factors such 
as phylogeny and nutrients are considered to be minor (e.g. Schouten et al., 2008). However, 
most archaea are uncultivated and TEX86 was empirically calibrated on fossil glycerol dialkyl 
glycerol tetraethers (GDGTs) preserved in surface sediments. Thus, the exact response of lipids 
in diverse living planktonic archaea to in-situ temperature and other related factors remains un-
validated, which hinders establishment of a robust understanding of proxy mechanisms and 
accurate interpretation of proxy records in palaeoclimatic studies. 
Archaeal intact polar lipids (IPLs), the biological precursors of fossil core GDGTs, are 
enriched living signal and have been applied to track in situ communities (e.g. Biddle et al., 
2006). Here we employed a novel reverse-phase LC-MS protocol (Zhu et al., submitted) to 
characterize the ring distribution in specific intact polar lipids (IPL specific-TEX86 or ring index) 
in suspended particles at various water depths in the global ocean (n=180). Core GDGT TEX86 
displays a strong correlation with in-situ temperature in surface waters across diverse settings, 
consistent with previous results of temperature being the primary driver whereas the correlation 
is absent in deep waters. In contrast, diglycosidic-GDGTs-derived TEX86 and ring index (2G-
GDGT-TEX86 and 2G-GDGT-RI) values collectively display strong relationships with in-situ 
temperatures, but with correlations being significantly different between surface (<100 m) and 
deep (>100) water. The relationships suggest distinct responses of epi- and meso-pelagic archaea 
to ambient temperatures, based on which we modeled the 2G-GDGT-TEX86 values versus water 
depth (Fig. 1).  
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Our global observation confirms the enrichment of signals in IPLs representing largely 
live archaeal communities and demonstrates that both temperature and phylogeny (surface vs. 
deep dwelling archaea) control lipid ring distribution in planktonic archaea. This study offers 
new/alternative interpretations of cold or warm biased TEX86-temperatures in marine sediments 
and opens a new window for examining adaptation strategies of different archaea to 
environmental factors.  
 
 
Figure 1. Modeled 2G-GDGT-TEX86 values versus water depth based on the observed global 
regressions between surface (<100m) and deep (>100m) water in the global ocean. 
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The drug mumia vera has a long tradition not only in Arabian but also in ancient 
European medicine starting around 1300. Mumia was considered an omnipotent medicine 
against a broad spectrum of diseases, probably related to frequent confusion with natural 
asphalt, widely used as a drug in the Ancient World as well as in mummification. The 
assumption in antiquity on the curativeness of asphalt combined with the belief in the magic 
healing power of death made mumia vera a precious ingredient of medications for a broad 
spectrum of ailments and represented a particular facet of medicinal cannibalism. A ban by 
the Egyptian government on opening tombs for the removal of mummies resulted in an 
emphasis on the addition “vera” (genuine) to the term mumia. Mumia vera Egyptica was a 
cultural substrate and precious ingredient until the 20th century. In Europe the trade reached 
its peak in the 16th to 18th centuries. In the 18th century it was on sale in all pharmacies. Its 
popularity was not restricted to Europe but was also very high in the Middle East as well as in 
Japan and China where it also enjoyed a highly demanded panacea status at that time. The 
commercial, and highly valuable, export of Egyptian mummies to Europe was evidenced by 
the levying of import duty on mumia. As a result of the high price of mumia, doubts were cast 
on the authenticity of some so called mummies, and it was proposed that in many cases dried 
bodies of possibly fairly recent vintage were used under the term “Egyptian Mummies” (i.a. 
Kinski, 2005, Sugg, 2011). 
This presentation aims to throw a light on the history and nature (mummy, substitute, 
fake or dust?) of a rarely found, seldom preserved tiny residue in an ancient pharmaceutical 
vessel labelled MUMIA. Although the visual impression of the sample was that of a fine 
powder, microscopic examination revealed a variety of distinct particles of different shapes 
and colours embedded in a dark powder. Using forceps and a binocular eyepiece the sample 
was divided into subfractions by fabric appearance. The amounts of the mumia vera sub-
fractions were mostly very small, thus CP-py-GC-MS appeared to be the preferred and most 
powerful tool for comprehensive sample characterisation. As far as possible the procedure 
was repeated after TMAH addition to obtain the thermolytic methylation products for 
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complementary information as well. If enough sample material of a particular sub-fraction 
was available an aliquot was dissolved in dichloromethane (DCM) and trimethyl silylated 
before GC-MS analysis. 
The microscopic and chemical information on all subsamples provides strong evidence 
that the historic 18th century “MUMIA vessel contains authentic mummy material. All 
subsamples can be put into a logical context to the mummification process and its product (i.e. 
linen fibers from bandages, wrappings or filling material, conifer wood fibers as possible 
parts of cover material, “used” embalming material in the form of a mixture of cedrium, 
pistachio resin (possibly Chios turpentine) and beeswax, (hydrolyzed) fat evidently including 
human sebum (possibly adipocere), mummified skin or tissue (treated with line seed oil, 
highly oxidized by now), Dead Sea asphalt with a possible admixture of some asphalt from a 
different source). 
Since embalming procedures for human or animal mummies appear to be largely 
similar regarding the preserved compounds, an admixture of animal mummies to the mumia 
vera sample cannot be ruled out. Sebum characteristics (wax esters, squalene) and relatively 
high concentrations of the n-C12:0 fatty acid lead to the conclusion that human mummies are at 
least part of the drug. Compositional similarities to Ptolemaic mummies (Koller et al., 2005) 
and the presence of Dead Sea asphalt lead to the conclusion that at least part of the mumia 
vera sample stems from the Ptolemaic period. This is quite plausible because mummification 
during that time was very popular and practiced by a broad range of society status groups. 
This led to a comparatively “high supply” of mummies of that period for the export market in 
the following centuries. From the analytical results it can be concluded that authentic 
mummies were taken as a whole for mumia vera drug preparation. 
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Most of the world’s petroleum resources are biodegraded. This in-reservoir alteration 
process has significant impact on the composition and physical properties of the petroleum, 
making the oil more dense, viscous, acidic and enriched in polar species containing sulphur 
and metals. While our understanding of hydrocarbon biodegradation has advanced greatly, the 
systematics of polar compound production and destruction are poorly understood. In a recent 
study of an Albertan oil sands reservoir, the oil column exhibits systematic gradients in 
hydrocarbon composition, and showed large variations in biodegradation level throughout the 
reservoir consistent with the notion that the biodegradation of oil is focussed in a bioreactor 
zone at the base of the oil column (Bennett et al, 2013).The highest bacterial abundance and 
geochemical gradients in the reservoir define a zone near the oil water contact as likely the 
most active in terms of biodegradation. In this current study we apply quantitative FTMS 
methods to examining the production and destruction of high molecular weight aromatic 
hydrocarbon and non-hydrocarbon species in this geologically well characterised natural 
geobioreactor. While non-hydrocarbons dominate the behaviour of heavy oils and oil sands 
bitumens, the behaviour of these species remains uncharacterised in a quantitative manner and 
they are difficult to analyse with traditional geochemical tools such as GC-MS.  
Recent advances in Fourier Transform Ion Cyclotron Resonance Mass Spectrometry 
(FT-ICR-MS) technology allow a more comprehensive analysis of polar and aromatic 
constituents of sedimentary organic matter. In this study, a quantitative approach to studying 
the degradation and production complex multi polarity mixtures and high molecular weight 
aromatic compounds will be presented for the first time. We have been developing a 
quantitative approach to FTMS using a variety of standards, sampling procedures and data 
analysis methods to deal with the large number of issues that plague quantitative applications 
of FTICRMS. Figure 1 illustrates one of the iodine based internal standard we have designed 
for quantitation, showing absence of peak interference and multi-ionisation mode visibility. 
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Criteria for these standards include that they i) cover the entire typical mass range without 
peak interference, ii) are ionisable with ESI and APPI sources in positive and negative ion 
mode with a wide range of ionization potential, iii) they are stable and do not aggregate in 
solution, and iv) they are synthetically accessible. Response factors are estimated for 
compound classes and DBEs using procedures reflecting their overall ionization potential and 
considering matrix effects such as ion suppression. In-house quantitation software calculates 
concentrations of compound groups. Using such approaches we show in our case history how 
both generation and destruction of polar species occurs through an oil column and we 
examine the systematics of multiheteroatom compound production and destruction.  
Figure 1.  Multimode FTICRMS spectra of a 
heavy oil and standards. 
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n-Alkanes are among the most abundant low molecular weight organic substrates for 
heterotrophic bacteria in sedimentary basins, in particular in petroleum reservoirs. As the 
availability of oxygen is typically highly restricted in these habitats, alternative electron 
acceptors such as nitrate or sulfate are used. The isolation and physiological characterization 
of various anaerobic bacteria capable of utilizing n-alkanes under strictly anoxic conditions 
during the last two decades prompted investigations on the n-alkane degradation pathways 
employed by these organisms. As aerobic hydrocarbon-oxidizing bacteria depend on oxygen 
not only as electron acceptor for respiration but also as the co-substrate of activation reactions 
to facilitate metabolism of the inert substrates, it was expected that anaerobic metabolism 
would proceed via fundamentally different pathways. 
In previous studies we have proposed a pathway for the complete oxidation of n-
hexane to carbon dioxide in the denitrifying bacterium strain HxN1 based on the 
identification of metabolites and studies with isotope-labelled substrates (Rabus et al., 2001; 
Wilkes et al., 2002). In the initial activation reaction, the n-alkane is added to the double bond 
of fumarate yielding (1-methylpentyl)succinate (MPS) (Fig. 1). MPS is further transformed 
via a sequence of enzyme reactions to a branched fatty acid [4-methyloctanoic acid as its 
coenzyme A (CoA) thioester] which is then degraded by -oxidation. Subsequent work 
indicated that this pathway is widespread in anaerobic n-alkane degraders, although evidence 
for alternative routes has been provided. Herein, we present an overview of recent studies 
contributing to our understanding of in vivo mechanisms in anaerobic alkane activation, with 
particular emphasis on the stereochemistry. 
Using stereospecifically deuterated n-hexanes we showed that the alkane-activating 
glycyl radical enzyme stereospecifically removes the pro-S H-atom from C-2 of the n-alkane 
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(Jarling et al., 2012). This process may be formulated as proceeding either via a discrete hex-
2-yl radical or synchronously with inversion of configuration at C-2 of hexane (Fig. 1). We 
proposed that the alkylsuccinate is epimerized at C-2 in preparation for the subsequent 
intramolecular rearrangement, most likely at the CoA-thioester level. 
Additionally, we investigated the substrate range of the alkylsuccinate-forming 
enzyme and the stereochemistry of the co-metabolites formed. In cultures of strain HxN1 
growing with defined mixtures of n-hexane and toluene, the transformation of toluene to 
benzoate via the n-alkane-pathway was demonstrated (Rabus et al., 2011). This is in contrast 
to toluene metabolism via modified β-oxidation by degraders of alkylated aromatic 
hydrocarbons, which are unable to activate n-alkanes. In an analogous experiment with butyl- 
and pentyl-benzene, strain HxN1 regiospecifically activated the aromatic hydrocarbon at the 
ω-2 position of the side chain, although the benzyl position offers an energetically easier 
target. These results provide evidence for the pronounced evolutionary adaptation to specific 
substrates among such anaerobes. During incubation of n-alkane-degrading bacteria with 
crude oil, assemblages of metabolites deriving from aliphatic and aromatic hydrocarbons were 
formed. The stereochemistry of these metabolites, also for 2-benzylsuccinate derivatives, is in 
accordance with that found for n-hexane degradation, but differs from that observed in 
aromatic hydrocarbon-degrading anaerobic bacteria. 
 
 
 
 
Figure 1. Mechanism and stereochemistry 
of the n-hexane-activating enzyme reaction 
in the denitrifying bacterium HxN1 
according to Jarling et al. (2012). 
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Roots have a high potential capacity to store large amounts of CO2 in the subsoil. 
However, associated with rooting, microorganisms enter the subsoil and, due to priming 
effects, might improve carbon mineralisation. Although these processes are well known for 
recent surface soils, it remains questionable if and how microorganisms contribute to priming 
effects in the subsoil (Rumpel & Kögel-Knabner 2011). The current study implies several 
state-of-the-art techniques like DNA and lipid molecular proxies to trace remains of microbial 
biomass in modern and ancient root systems. The latter can provide valuable information if 
parts of the root and rhizomicrobial biomass are preserved, e.g. by encrustation with 
secondary carbonate during the lifespan of the root or shortly thereafter. 
At the Late Pleistocene loess-paleosol sequence near Nussloch (Germany), rhizoliths 
(calcified roots) occur highly abundant in the deep subsoil from 1 to 9 m depth and below 10 
m. Radiocarbon dating revealed their Holocene age, and several lipid molecular proxies 
deriving from n-alkanes and fatty acids suggest woody source vegetation (Gocke et al., 2010). 
Horizontal transects from rhizoliths or recent roots towards reference material without visible 
root remains were collected at several depth intervals. The concentric sampling around the 
roots enabled a collection of up to 12 rhizosphere samples up to a distance of 10 cm from the 
root surface. Samples were analysed for free extractable fatty acids (FAs), phospholipid fatty 
acids (PLFA), glycerol dialkyl glycerol tetraethers (GDGTs), intact polar lipids (IPL), as well 
as structural diversity based on the RNA gene of the prokaryotic ribosome subunit 16S (16S 
rRNA) to investigate the living microbial biomass and their remains. 
Despite the general low RNA contents in the sample set, results pointed to a much 
higher abundance of bacterial compared to archaeal RNA. The latter occurred in notable 
amounts only in some rhizolith samples. This was in part enforced by decreasing contents of 
archaeal GDGTs from rhizolith via rhizosphere towards root-free loess (Fig. 1A). 
Furthermore, the bacterial fingerprint revealed – similar to modern root systems – higher 
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taxonomic diversity in rhizosphere compared to rhizoliths and reference loess. This argues for 
microorganisms benefiting from root deposits and exudates. Highest concentrations of 
branched GDGTs in rhizoliths suggest that their source organisms feed on root remains. 
Incorporation of rhizomicrobial remains as represented by RNA and GDGTs usually affected 
the sediment at maximum to a distance of 2-3 cm from the former root (Fig. 1A), whereas 
organic remains of fine roots at larger depths were observed by biomarkers and confirmed by 
X-ray microtomography (Fig. 1B). FA showed strong scatter in rhizosphere and were in part 
enriched compared to reference loess, especially in deeper transects, arguing for the presence 
of degradation products originating from former rhizosphere processes. Moreover, mainly 
microbial derived unsaturated C16 homologues were enriched in rhizosphere up to distances of 
10 cm. This shows that the possible extension of the rhizosphere surrounding the major root 
was underestimated so far because of side roots and root exudates entering the loess distant to 
the former roots. PLFA indicated that even several thousands of years after the lifetime of the 
root, microbial activity and diversity are still enhanced in direct vicinity of ancient roots, thus 
implying a potential priming effect of ancient, slowly degrading root-related remains. 
In Corg poor subsoil, the occurence of rhizosphere microorganisms and associated 
degradation processes even in several centimeters distant from roots point to a strong 
alteration of OM and  carbon mineralisation also continuing after the lifetime of the root. 
       
Figure 1. A) Corg normalized concentrations of bacterial and archaeal GDGTs in a rhizolith–
loess transect from 5.4–5.5 m depth. B) X-ray scan of a large rhizolith (white – carbonate; 
black – void) and surrounding loess (grey) from 2.15–2.25 m depth. Calcified and uncalcified 
biopores in rhizosphere likely derive from fine roots. 
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The evaporite-carbonate Southern Permian Basin is one of the most important paleobasins in 
Europe with respect to petroleum exploration; this is especially true with respect to the petroliferous 
second carbonate unit (Z2C also referred as Main Dolomite, Roker Fm. or Staβfurt Karbonat, ca. 254 
Ma) of the second Zechstein (Lopingian) cycle. Although extensively studied, there is still much 
controversy and speculation with respect to organic matter productivity, the source rock origin for 
petroleum deposits and the overall depositional environment of the Z2C carbonate basin. We report 
here, for the first time, significant spatial and temporal variations in the paleowater-column redox state 
in the Z2C sea, which to date have only been recognized in the Kupferschiefer claystones (ca. 255 +/- 
1 Ma, pers. comm. M. Szurlies) of the first Zechstein cycle [1, 2].  
The current study is based on 100 rock samples from 15 boreholes and outcrops of the Z2C 
carbonates. Samples representing toe-of-slope apron, slope and hypersaline lagoonal (chiefly NW 
Poland) facies of the Z2C northern and western margin carbonate platform contain abundant 
isorenieratane, derived from brown-pigmented green sulphur bacteria (Chlorobiaceae), and its likely 
degradation products (C15 to C31 2,3,6-aryl isoprenoids). These indicate that part of the photic zone had 
become euxinic during significant intervals of the Z2C. Further evidence for strongly anoxic 
conditions include the occurrence of C28-bisnorhopane as well as unusually high concentrations of 
pentakishomohopanes (i.e. high homohopane indices) (Fig. 1). However, both bisnorhopane and 
isorenieratane (and its derivatives) are absent in samples from basinal and outer ooid shoal facies, and 
homohopane indices are below 0.1, all suggesting that strongly reducing conditions were restricted to 
the slope and toe-of-slope facies. 
The results also indicate that photic zone euxinia did not occur periodically but perhaps 
persisted throughout the history of the well stratified Zechstein Sea. This would have spanned up to 6 
Ma, including the occurrence of two severe global extinction events at the end-Guadalupian and the 
Late Permian. 
Basinal facies (Fig. 1) are in general significantly depleted in or lacking steranes, hopanes, and 
polycyclic aromatic hydrocarbons and are characterized by low total organic carbon contents 
(commonly average ~0.3-0.1 wt%). This suggests that organic matter productivity was not 
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concentrated in the basinal parts but rather was restricted to slopes (TOC up to 1.2 wt%), bays (TOC 
up to 0.5 wt%) and platform interiors (lagoons, TOC up to 0.5 wt%). This further implies that the Z2C 
basin was not entirely anoxic but was rather overlain by a pronounced oxygen minimum zone (OMZ) 
with suboxic and non-sulphidic bottom waters that impinged on the basin slope. This is contrary to 
previous work suggesting that the main part of the basin of the Z2C was anoxic [e.g. 3]. By extension, 
it appears that there was minimal or no potential for source rock formation in the basinal parts of the 
Z2C and instead we suggest that source rocks were primarily located on slopes and more restricted 
(and perhaps isolated) lagoons or bays. Ongoing work is focussing on reconstruction of marine 
conditions in the Z1C and Z3C carbonate units to elucidate more fully the spatial extent of euxinia in 
the Zechstein Sea. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Mass chromatograms (m/z 191) showing the distribution of terpanes of toe-of-slope apron (a) and basinal 
(b) facies from the eastern part of the Zechstein 2 carbonate (Z2C) basin. Peak assignments define 
stereochemistry at C22 (S and R), with αβ and βα denoting 17α,21(H)-hopanes and 17β,21(H)-moretanes, 
respectively. The other labels indicate: 23/3-29/3 – C23-C29 tricyclic terpanes; 24/4 – C24 – tetracyclic terpane; Ts 
– C27 18α(H),22,29,30-trisnorneohopane; Tm – C27 17α(H),22,29,30-trisnorhopane; BNH – 28,30-bisnorhopane; 
C29Ts - 18α-(H)-30-norneohopane; and G – gammacerane, coeluting with C31 (22R)-homohopane. 
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UNDERSTANDING THE PIERCE FIELD, UK CENTRAL NORTH SEA -  
FROM BASIN MODELLING AND 4D TIME-LAPSE GEOCHEMISTRY TO 
RESERVOIR SURVEILLANCE AND OPERATION GEOLOGY. 
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The Pierce field is situated in the Central UK North Sea on the Eastern side of the Central 
Graben close to the Norwegian border. The field is located around two salt diapir structures, 
with a Palaeocene Forties Sandstone Member reservoir. The field is interpreted to have a 
tilted oil water contact bounding a thick oil column with associated gas caps on each diapir. 
The field produces mainly black oil from a series of horizontal wells with any produced gas 
being reinjected, which in conjunction with water injection balances the pressure depletion of 
some of the offtake (Birch & Haynes 2003, Scott et al. 2010). Production facilities over the 
field are in the form of an FPSO above a network of subsea wells with over 100 mmstb of oil 
produced to date. 
Fourteen years of production have provided significant insight into the general 
plumbing and fluid connectivity within the field. However, further understanding of 
compartmentalisation and connectivity is required to better site future infill wells as the field 
becomes more mature. In addition, detailed fluid phase understanding, based on mud gas data, 
will be critical as wells with too high Gas Oil Ratio (GOR) cannot be produced due to 
limitations on the amounts of gas that can be injected back into the reservoir. These two 
aspects have been the main drivers to use the full suite of geochemistry/basin modelling 
technologies, including, mud gas and isotube analyses, 4D time-lapse fingerprinting, gas and 
liquid carbon isotope evaluations and integrate these with detailed geology and geophysics 
(e.g. conceptual geological modelling, 3D static modelling and 4D-seismic). 
As mentioned above, understanding the pre-facility hook-up GOR is critical. Detailed 
high quality mud gas analyses obtained during the 2002-2008 drilling campaign implied that 
the fluid from these wells would be gas-condensates or at least very high GOR oil producers. 
However, after hook-up most wells yielded black oils with GORs within the facilities 
constraints. During the last well campaign (2009-2012) detailed basin modelling in 
combination with mud gas and isotube data have become an integral part of the operational 
geology to predict more accurately the pre-hook up fluid phase. To date, all predictions have 
been correct and the basin modelling has provided a clear explanation for the apparent too dry 
mud gas readings. 
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Fluid connectivity within the field was assessed by Scott et al (2010) to further our 
understanding on field compartmentalisation and connectivity between oil producers and 
water injectors. This was primarily based on oil fingerprints, water data and pressures. During 
the last 4 years further time-lapse fluid fingerprinting has been applied as well as more 
detailed carbon isotope analyses of the gas phase and the gasoline fraction of the oil. These 
data showed that there is a greater degree of fluid (oil and gas) discontinuity than previously 
assumed (Fig. 1). Also comparisons of the time lapse fingerprinting with 4D-seismic showed 
clear direction of fluid movements around the diapirs. These detailed geochemical data are 
currently integrated into the dynamic geological model to aid reservoir surveillance and help 
to drive the placement of new infill wells. 
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Figure 1. Evidence of fluid discontinuity in the Pierce Field using a. fingerprint star plot of 
Pierce oils from 12 wells between 1998 and 2013 using Shell alkylbenzenes fingerprinting 
technology and b. detailed gas isotope compositions. 
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TROPICAL LOWLAND RAINFORESTS: RAPID RECYCLERS OR EFFICIENT 
STORERS OF CARBON?  
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Amazonian rainforests are important systems that vigorously cycle carbon and water at 
the global and regional scale, storing 40% of the World’s terrestrial biomass carbon (Malhi and 
Grace, 2000) and recycling up to 35% of their annual rainfall within the region (Eltahir and Bras, 
1994). Within the seasonal cycle, there are large variations in fluxes of water and carbon released 
from tropical rivers (Mayorga et al., 2005). However, despite their importance, dynamics of 
organic matter cycling in tropical rainforests within the global carbon cycle is poorly understood. 
We present new field-based hydrology and geochemistry data from a three-year study 
(2009-2011) in the pristine rainforest of central Guyana at the northern rim of Amazonia. We 
show that two commonly used satellite- and interpolated-based models to estimate rainfall in this 
poorly monitored region greatly overestimate and underestimate in the wet and dry season, 
respectively (Pereira et al., 2013a). This misrepresentation of hydrology at local and regional 
scales greatly affects our ability to understand and predict the connections and feedbacks between 
the hydrological and geochemical cycles. As a first step in characterising hydro-geochemical 
regime of the study area, we use δD and δ18O isotope systematics of rainfall transported by the 
inter tropical convergence zone (ITCZ) to demonstrate that our small- (~20km2) and meso- 
(~2000km2) scale river catchments have a ‘hydrological memory’. River water δD and δ18O 
isotopes from peak wet and dry seasons suggest that the majority of rainfall has a residence time 
of at least one month, which provides regions of water saturated zones for organic matter (OM) to 
be preserved in deeper rainforest soils (Δ14C ages of 360-1200 years; Pereira et al., 2013b). In 
contrast, Δ14C values of surface soils and dissolved organic matter (DOM) in river water recycle 
within ~60 years or less (post bomb), showing that the majority of OM is rather quickly 
transported across the terrestrial-aquatic interface, where it is either remineralised, contributing to 
CO2 outgassing, temporarily stored in river bed sediments or transported downstream. Carbon 
normalised yields of lignin phenols (Λ8), used as tracers of vascular plant material (Hedges and 
Mann, 1979), are abundant across the terrestrial-aquatic interface (soil, water and river bed 
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sediment range: 0.09 to 11.07mg/100mg OC) but are relatively minor components of the total 
OM pool. However, lignin appears to accumulate in river bed sediments (1.19 to 11.07 
mg/100mg OC). Soil leachate experiments confirm that during mobilisation from soil particulates 
into the dissolved phase, desorption processes change the composition of lignin biomarker ratios 
(Hernes et al., 2007). In our experiments the ratio between syringyl, cinnamyl and vanillyl 
phenols change unpredictably while the acid to aldehyde ratios consistently show a more 
oxidised signature of lignin compounds when dissolved within water. These experimental results 
imply that lignin in our riverine DOM is likely less degraded and labile. As anticipated, surface 
soil δ13C signatures show that the majority of carbon is fixed through the C3 pathway (-26.4 to -
32.0 ‰). However, we observe a strong variability of up to 10‰ in riverine δ13C of dissolved 
organic carbon (DOC; -20.3 to -30.3‰). This suggests that, whilst autochthonous sources of OM 
cannot be ignored, it is likely that changing δ13C of DOC reflects changing contributions of 
different organic compounds within the total OM pool caused by degradation or transport 
processes that result in that cause isotopic fractionation (Spencer et al., 2009; Wynn, 2007).   
Superimposed on seasonal cycling, we demonstrate that short intense rain events cause 
rapid mobilisation of large amounts of DOC (up to 114mg/L). Size exclusion chromatography 
identifies that the riverine DOM pool is divided into two main fractions, humic substances and 
‘invisible’ DOM, or ‘iDOM’ (Pereira et al., 2013c). The latter group is characterised by non UV-
absorbing organic compounds of mono- and oligosaccharides, alcohols, aldehydes, ketones and 
amino sugars. Importantly, iDOM contributes up to 84% to the total river OM pool during peak 
DOC supply and is likely amenable for microbial utilisation. Further studies need to investigate 
the importance of these biological pathways in river carbon cycling. 
Overall, these new results suggest that the upper headwaters of pristine rainforests in 
central Guyana cycle OM at short, medium and longer timescales ranging from minutes to 
millennia. The processes identified in this study raise further questions about the reliability of 
carbon and water budgets utilised in current estimations tropical rainforest systems will adapt 
under increasing pressures from changing climate and land-use. 
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Marine biotic crises in the Cretaceous greenhouse have been associated with episodes of 
extreme global warming, often linked to widespread ocean anoxia (e.g. Leckie et al., 2002). There 
is, however, circumstantial evidence that cooling may also have caused similar biotic crisis in the 
mid-Cretaceous (e.g. Mutterlose et al., 2009; Iba et al., 2011). Convincing support for such a 
mechanism is still pending as continuous temperature and carbon isotope records are rare and 
often not sufficiently detailed to confirm relationships with biotic change. 
Our study of Deep Sea Drilling Program (DSDP) Site 545 sediments provides high-
resolution, multi-proxy records from the eastern North Atlantic (Mazagan Plateau, NW Africa) 
that constrain the internal structure and magnitude of a pronounced cooling cycle in the late 
Aptian that allows us to discuss the connections between plate tectonics, climate, marine carbon 
burial and biota. 
We show high-resolution records to constrain the timing and magnitude of late Aptian 
climate change and associated biotic crises for the subtropical eastern North Atlantic, combining 
detailed records of TEX86-derived sea surface temperature estimates (SSTe), δ13C isotopes, 
element geochemistry, and calcareous nannofossil studies. Our results show a million-year ~5 °C 
cooling period with superimposed climate instability in the late Aptian. This cooling coincided 
with a significant decline in calcareous nannoconids and an extinction of planktic foraminifera 
suggesting a causal link. We also observe a broad positive ~1.5 - 2 ‰ carbon isotope excursion 
of organic and inorganic carbon that mirrors trends in SST with the most positive isotopic 
signatures occurring during the coolest period. 
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To explore the underlying mechanisms controlling the positive carbon excursion and 
global cooling we invoke two mechanisms, both related to the Cretaceous drift of Africa. These 
are (1) significantly enhanced organic carbon burial in both Atlantic basins as they widened but 
were not yet connected via the Equatorial Gateway and (2) modifications in the inflow of warm 
surface waters into the eastern North Atlantic via the western Tethys-Gibraltar Gateway. 
Modelling results suggest, within limitations of model parameterisation, that a significant 
proportion of the global carbon isotope excursion (approx. 30%) can be explained by organic 
carbon sequestration in both Atlantic basins (representing about 13% of the total area of the 
global ocean), with emphasize on the S Atlantic, however other marine sinks must have existed 
but are still to be identified and quantified. We suggest that the turning point in global cooling in 
the Late Aptian was at least partly associated with fundamental re-organisations in Atlantic ocean 
circulation, leading to more oxygenated conditions, as supported by the presence of oxic 
sediments. 
This study supports that tectonic induced long-term cooling during past greenhouse 
conditions were capable of triggering critical periods for global evolutionary and biogeochemical 
change. 
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The complex interplay of climate shifts over Eurasia and global sea level changes 
modulates freshwater and saltwater inputs to the Black Sea. The dynamics of the hydrologic 
changes from late Glacial into the Holocene are still a matter of wide debate and information 
is sparse on how they affected the Black Sea’s ecology. Here we used Roche 454 next 
generation pyrosequencing of sedimentary 18S rRNA genes (Giosan et al., 2012) to 
reconstruct the plankton community structure in the Black Sea over the last 11,400 years. 150 
out of 2710 species showed a statistically significant response to four environmental stages. 
Freshwater chlorophytes were the most dominant and best indicator species for lacustrine 
conditions (>9.0 ka cal BP), although a co-presence of previously unidentified marine taxa 
indicated that the Black Sea was to some extend influenced by the Marmara Sea since at least 
9.6 ka cal BP. Dinoflagellates, cercozoa, eustigmatophytes, and haptophytes responded most 
dramatically to the gradual increase in salinity after the latest marine reconnection and during 
the warm and moist mid-Holocene climatic optimum. According to paired D/H alkenone 
measurements the salinity rapidly increased with the onset of the dry Subboreal after 5.2 ka 
BP leading to an increase in marine fungi and the first occurrence of marine copepods. A 
gradual succession between dinoflagellates, diatoms, and chrysophytes occurred during re-
freshening since 2.5 ka cal BP with the onset of the cool and wet Subatlantic climate and 
recent anthropogenic perturbations.  
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Fig.1. Postglacial Black Sea sediment record with (A) XRF-Calcium; (B) Total organic carbon (TOC) (closed 
symbols) and log scale total sedimentary DNA (open symbols); (C) Alkenone sea surface temperature; (D) 
Alkenone sea surface salinity; (E) Copepods identified from fossil 18S rDNA pool; (F-J) Roche 454 
pyrosequencing of fossil 18S rDNA: (F) Total number of eukaryotic species (OTUs); (G-J) Relative 
abundance of environmental indicator taxa and their origin (freshwater vs. marine plankton, marine fungi, and 
terrestrial vegetation+fungi). The timeline of events (changes in sedimentation type and environmental plus 
associated ecological changes) is denoted above all figures. Asterisks indicate independent salinity estimates 
from the first appearance of DNA from Emiliania huxleyi at 9.3 ka cal BP (i.e., ~11 psu) and DNA from the 
endemic copepod Calanus euxinus at 5.2 ka cal BP marking the onset of modern environmental conditions 
(“MEC”). IMI (initial marine input) after Soulet et al. (2011) and revised based on the results of this study. 
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Speleothems δ13C records have considerable potential as palaeoenvironmental proxies, 
due to their direct links with soil and vegetation systems and sensitivity to climate.  However, 
to date only the carbon derived from CO2 in the drip water, and incorporated into the 
speleothem calcite has been analysed, and this signal can be complex to interpret due to 
multiple controls on the source signal, and the possibility of fractionation during transport and 
deposition.  Carbon incorporated in molecular organic matter preserved within the speleothem 
has been neglected, possibly due to the very low abundances present, but provides the 
opportunity to access complementary isotopic signals that are more closely linked to specific 
parts of the ecosystem. 
Here we present a ground-breaking LC-IRMS analysis of the non-purgeable organic 
carbon (NPOC) contained in speleothems, focusing on a time-series record from a 2000 year 
old stalagmite from northwest Scotland.  We compare this record to three others recovered 
from the same sample; conventional δ13C analysis of the speleothem calcite; a new compound 
specific carbon isotope analysis (CSIA) of four plant derived n-alkanes (C25; C27; C29; C31); 
and the C27/C31 n-alkane biomarker record, previously linked in this sample to a landscape 
change from birch to peat dominated and an associated climatic decline (Blyth et al., 2011).   
The results show clear correlations between the signals, with a particularly strong 
correlation between the NPOC δ13C signal and the C27/C31 n-alkane record (r2 = 0.81, p 
<0.0001).  The NPOC and calcite δ13C records show an anti-phase response to the vegetation 
and climate change, with the NPOC record becoming more negative and the calcite record 
more positive.  We hypothesise that this variation is the result of the NPOC signal being 
controlled mainly by overlying vegetation type and the degradation state of the organic matter 
input, while the CO2 derived signal in the calcite is driven by the amount of vegetation cover 
and the degree of soil saturation impacting on the microbial activity in the soil.  Therefore, the 
two signals are effectively reflecting two different organic matter pools.  This highlights the 
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importance and benefit of applying both organic and inorganic geochemical techniques to 
understanding palaeoenvironmental carbon isotope records.    
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Understanding the occurrence and generation of gaseous and liquid hydrocarbons in 
sedimentary basins is often predicated on knowing the processes involved in cracking and 
expulsion of these hydrocarbons from the kerogen matrix. A major theory suggests that 
successive reactions acting on kerogen involve generation of hydrocarbons by cracking of 
both kerogen and intermediate sub-products. Providing strong evidence for this theory is most 
crucial to our ability to model and predict petroleum formation in sedimentary basins.  
To evaluate the feasibility of this pathway, a molecular-level characterization was 
conducted of the hydrocarbons produced from an immature Type I kerogen subjected to 
artificial maturation in sealed gold tubes followed by a novel quantification of n-fatty acids 
(in NSO fractions). The n-fatty acids generated during the artificial maturation were analysed 
using a quantitative ultrahigh resolution mass spectrometric technique involving electrospray 
ionization Fourier transform ion cyclotron resonance mass spectrometry (ESI-FTICR-MS).  
We show that the distribution of these carboxylic acid compounds in NSOs (Figure 1) 
by ESI-FT-ICR-MS directly and quantitatively correlates to the distribution of n-alkanes (by 
GC) using their relative abundances for each carbon number, a relationship that was not 
possible prior to the development of our novel quantitative method.  The carbon preference 
index (CPI), that is commonly used to characterize oils and source rock extracts and defined 
as the predominance of odd over even numbered hydrocarbons, was employed to examine the 
relationship between n-fatty acids and n-alkanes freed from a kerogen as it matures. In the 
case of n-fatty acids that mainly comprise the NSO fraction, it is the even carbon-numbered 
fatty acids that predominate over the odd. The correspondence of CPI between n-alkanes 
(odd-dominated and displaced by 1 carbon from fatty acids) and n-fatty acids (even-
dominated) is suggestive of a genetic link as they both match quantitatively and decrease with 
the maturation of the kerogen (Table 1). Behar et al. 2010 showed that this kerogen released 
NSO compounds including long chain fatty acids as intermediates that were consumed 
towards the end of the kerogen maturation while hydrocarbons were increasingly produced 
throughout the entire maturation of the kerogen. Our results suggest that n-fatty acids are the 
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main component of NSOs responsible for the production of n-alkanes in sedimentary basins. 
This new approach using ESI-FTICR-MS allows one to investigate, at a molecular-level, the 
chemistry of NSOs and to correlate this to the hydrocarbons produced and present in 
sedimentary basins.  
 
 
Figure 1. Evolution of the distribution of n-fatty acids obtained by negative ESI-FT-ICR-MS 
and of n-alkanes obtained by GC-FID produced from artificial maturation using a closed 
system pyrolysis (TR = Transformation Ratio of the kerogen). 
 
 
Table 1. Carbon preference index comparison between n-fatty acids and n-alkanes from the 
maturation of a Type I kerogen. 
 CPI 
TR n-alkanes n-fatty acids 
2.20% 2.31 1.92 
11.50% 2.01 1.75 
15.20% 1.88 1.61 
69% 1.43 1.56 
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Laboratory investigations applied in simulating thermal maturation of source rocks to 
generate and expel oil and gas suffer from a variety of inconsistencies with natural conditions, 
hence causing the amount and composition of the products generated differ between various 
experimental methods and from those found in nature. Therefore, experimental data used in 
numerical models simulating oil/gas generation and expulsion require substantial adaption, 
causing significant uncertainty. Amongst others, the following factors are critical when 
attempting to simulate oil and gas generation and expulsion under near-natural conditions.  
i) The sediment matrix of source rock specimens with its pore and kerogen network needs to 
be preserved in its natural state. Ground samples or kerogen concentrates with a destroyed 
pore-system are unsuitable due to creation of artificial reaction sites and migration avenues. 
ii) Maturation needs to be conducted in the presence of water to mimic pore waters in natural 
systems. Water is important as hydrogen donor for oil/gas formation but also for migration 
of oil/gas. Dry pyrolysis will thus not lead to near natural oil/gas formation and migration. 
iii) The pressure regime needs to be differentiated with respect to lithostatic and hydrostatic 
pressure prevailing in the subsurface. A uni-axial lithostatic squeezing effect leads to the 
collapse of clay mineral aggregates and works against kerogen swelling in non-lithified 
rocks. Experiments conducted under an all-directional confining pressure only, do not 
reflect natural conditions of oil/gas generation and expulsion. 
iv) The fluid components generated and expelled at a certain maturity level need to be 
removed by primary and secondary migration to avoid artificial secondary reactions thus 
rendering closed pyrolysis unsuitable to resemble natural generation and expulsion. 
In order to overcome the above mentioned problems we have constructed an oil and gas 
generation and expulsion device, the “Expulsinator” to mimic natural conditions most closely. 
The system features open, hydrous pyrolysis, with both, hydrostatic pore and lithostatic load 
pressure compatible with natural conditions. To study oil/gas expulsion the sample assembly 
is composed of a source rock disc and artificial reservoirs to facilitate expulsion of petroleum. 
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Compounds expelled in open pyrolysis were collected in a continuous oil/gas recovery mode. 
Experiments were conducted using disks (5 cm diameter, 2 cm thickness) of immature/low 
maturity (Rr=0.45%) Toarcian source rock (kerogen type I/II). Results from two experiments 
are presented: The 1st experiment simulated natural generation and expulsion upon burial by 
stepwise parallel increase of pressure 
and temperature (p-T-controlled). 
Depths of ~2000 to ~3000 m were 
simulated by lithostatic pressures of 
600-900 bar and hydrostatic pressures 
from 200-300 bar at temperatures from 
300-360°C. The 2nd experiment aimed 
at the lithostatic pressure squeezing 
effect upon expulsion (p-controlled). 
Generation of oil/gas was maximized 
at the start of the experiment (360°C) 
at low lithostatic pressure of 400 bar, 
followed by its increase to 1000 bar in 
200 bar steps. To compare with known 
techniques CSVP (closed small vessel 
pyrolysis), MSSV pyrolysis, and HyPy 
were run on Expulsinator-treated and 
untreated samples. 
Both experiments reveal high kerogen 
conversion or bitumen expulsion rates 
in excess of 75% (Fig.1). Oils showed 
strong expulsion effects with n-alkane 
patterns controlled by retardation of 
long-chain compounds under moderate P followed by an inversion and release of short chain 
analogues due to clay collapse (Fig. 2). Expulsion affected isoprenoid/n-alkane and geo- and 
biomarker ratios. Fast generation of oil/gas at insufficient lithostatic pressure caused 
formation of pyrobitumen from oil retained in the source. The effect is corroborated by low 
conversion rates (Fig.1) and high Tmax (475° vs. 443°C in the 1st experiment) leading to 
erroneous thermal maturity determination. Experimental results demonstrate the critical role 
of p/T conditions in petroleum expulsion. 
Fig.2: Experimental generation/expulsion efficiency
Fig.2: Compositional evolution of n-alkane profiles
upon expulsion time (p-controlled experiment)
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Bitumen may substantially influence the behaviours of hydrocarbon generation from 
coal1-3. In the present study, three sets of pyrolysis experiments were performed for extracted 
coal (Ro% 0.39), coal (initial bitumen 13.5 mg/g coal) and bitumen concentrated coal (total 
bitumen 80.9 mg/g coal) at two heating rates of 2 °C/h and 20 °C/h in confined systems (gold 
capsules). The yields of bitumen and liquid and gas hydrocarbons produced in experiments 
were determined, and are shown with % Easy Ro in Fig. 14. 
Both the amounts of bitumen and ΣnC8+ at first increase and then decrease with Easy 
RoThe highest values of the amounts of bitumen and ΣnC8+ are 55.54, 56.00 and 102.7mg/g of 
coal, and 4.84, 7.12 and 9.62 mg/g of coal for extracted coal, coal and bitumen rich coal, 
respectively. The amounts of bitumen and ΣnC8+ reach the highest values within % Easy Ro 
0.67–1.08 and 1.07–1.19, respectively (Fig. 1a-b). 
For all the three sets of experiments, the amount of methane increases consistently 
with Easy Ro (Fig. 1c). At the highest value of % Easy Ro 4.44, the amounts of methane are 
86.48, 92.74 and 100.69 mg/g of coal for the experiments of extracted coal, coal and bitumen 
rich coal, respectively. Nearly half of the maximum yield of methane was generated at % 
Easy Ro >2.2 from solid organic residue and stable aromatics (i.e., toluene, xylenes, 
methylnaphthalene, etc). The differences in methane yields among the three experiments at 
same thermal stress are relatively minor at % Easy Ro <2.2 but increasingly greater with 
thermal stress at % Easy Ro >2.2 (Fig. 1c). This result demonstrated that the solid organic 
residue always retained relatively higher amount of hydrogen and higher hydrocarbon 
generative potential at post mature stage in the experiment of bitumen rich coal than extracted 
coal and coal, consistent to the previous studies1-2. 
Ratio C1/ΣC1-5 at first decreases, and then increases with Easy Ro. The minimum 
values are 0.512, 0.510 and 0.480 at heating rate 20 °C/h, and 0.511, 0.525 and 0.435 at 
heating rate 2 °C/h for the experiments of extracted coal, coal and bitumen rich coal, 
respectively. The decrease of this ratio to the minimum value at % Easy Ro 0.86–1.08 closely 
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corresponds to the increase of the yields of bitumen and ΣnC8+ to the maximum values (Fig. 
1d).  
The kinetic parameters for methane generation and both generation and cracking of 
individual wet gases were modelled using the software Kinetics 2000. Both the generation 
and cracking for the wet gases occurred substantially earlier and faster, compared with 
previous oil pyrolysis experiments 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  The yields of bitumen, liquid n-alkanes and methane and  
C1/ΣC1-5 ratio vs % Easy Ro 4 
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Archaeal glycerol dialkyl glycerol tetraether (GDGT) membrane lipids have been 
widely studied in the marine water column and sediments because of their utility in microbial 
ecology and paleotemperature reconstruction. Despite this, the factors that influence their 
distribution and diversity remain poorly understood.  Isolation of the autotrophic ammonia-
oxidizing Marine Group I archaeon Nitrosopumilus maritimus (Könneke et al., 2005) enabled 
direct study of its core and intact polar GDGTs (Schouten et al., 2008). It can be difficult, 
however, to draw conclusions about microbes in complex natural communities from the 
activity of isolates, and the high degree of genetic diversity within MGI populations (Beja et 
al., 2001) may further complicate such attempts.  Moreover, the marine archaeal population is 
not monospecific; in addition to the thaumarchaeal MGI, euryarchaeal Groups II, III and IV 
have also been identified as widespread and abundant in the ocean water column. Although 
several studies have described the distribution of these groups (e.g. DeLong et al., 1999 and 
Galand et al., 2009), few have attempted to pair genetic and organic geochemical techniques 
in order to decipher their lipid signatures. 
 In this study we employed multiple cultivation-independent methods to explore 
potential tetraether lipid biosynthesis among diverse marine archaeal taxa. Focusing on a 
depth profile (16 depths, 0-550 m) of size-fractionated suspended particulate matter from the 
North Pacific subtropical gyre (NPSG), we report core GDGT concentrations, archaeal 16S 
ribosomal DNA data, and both shallow and deep clade MGI ammonia monooxygenase gene 
copy numbers. Together, this information enables us to infer cell densities of specific archaeal 
groups and to make quantitative comparisons with tetraether lipids measured in the same 
samples.  Our data suggest that striking differences in GDGT assemblages (e.g. Fig. 1) can be 
driven by community composition. 
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 To place our results in a temporal context, we queried metagenomic and 
metatranscriptomic datasets generated from samples collected at Hawaii Ocean Time-series 
Station ALOHA during different seasons. Phylotype distributions were consistent with those 
we observed, implying that such patterns may be persistent in this region.  Broadly similar 
patterns emerged from a comparison of metagenomes and GDGT profiles from two other 
oceanographic provinces, the South Atlantic Subtropical Gyre (Bermuda Atlantic Time-series 
Study) and the Eastern South Pacific oxygen minimum zone.  Several notable differences in 
distributions offer potential insight into the metabolism of uncultivated archaeal groups.    
  Finally, we discuss implications of our work for GDGT-based paleoproxies and, more 
broadly, the geologic record of marine archaea. 
                      
Figure 1.  Chromatograms showing distinct GDGT profiles in the 0.3-3 µm and >3 µm size 
fractions of suspended particulate organic matter at 450 m.  Numbers 0-3 denote GDGTs 0-3.
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The contribution of bacterial biomass to total particulate organic matter (POM) in the 
ocean, including exported material, is poorly constrained.  To examine potential signatures for 
the presence and export of bacterioplankton and their detrital remains, we have performed a 
detailed compound-specific 13C characterization of intact polar lipid (IPL)-derived fatty acids 
from a water column profile in the Eastern Tropical North Pacific.  POM of submicron size 
(0.2-0.7 μm) was sampled and analyzed separately from the size class typically collected as 
“suspended” POM (0.7-53 μm).  Total water column concentrations of fatty acids were 
similar in both size classes, pointing to a quantitatively important contribution of submicron 
particles to POM. The proportional yields of glycolipids and phospholipids, the specific 
compound distributions, and compound-specific δ13C values all are different between the size 
classes, indicating these fractions of POM are biologically distinct.  Up to 5‰ variation in 
13C values of individual fatty acids (e.g., C16:1) occurs between different depths in the water 
column, between polar lipid classes, and/or between POM size classes. Because these isotopic 
distinctions are observed for IPLs, they are expected to represent original biosynthetic 
signatures and are not a consequence of diagenetic isotope enrichment. 
However, we observe that submicron material – and by inference, lipids of bacterial 
origin – in general has higher 13C content than larger POM.  IPL fatty acids from the 0.2-0.7 
μm size class of POM tend to be enriched in 13C in comparison to IPL fatty acids from the 
0.7-53 μm size class, particularly in the upper water column. There may be smaller 
fractionation during fixation of inorganic carbon by bacterial autotrophs, or there may be 13C 
enrichment by bacterial heterotrophs relative to their substrate carbon. This isotopic pattern is 
expressed more strongly in phospholipids than in glycolipids, consistent with attribution of a 
more “bacterial” signature to the former and a more “eukaryotic” signature to the latter. 
Although suspended POM comprises the majority of actively-cycling living and 
detrital particles in the ocean, it remains unknown to what extent these small, “suspended” 
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phases contribute to downward flux and therefore to long-timescale sequestration of carbon in 
the deep ocean and sediments.  We have addressed the fate of suspended POM in the ETNP 
water column by testing different models of POM export against our IPL data.  Our measured 
IPL 13C signatures from the photic zone appear to be partially conserved in the suspended 
pool during transit down the water column. Bacterial heterotrophy and possibly 
chemoautotrophy partially overprint the surface-derived lipid signatures.  Quantitative 
analysis suggests a likely scenario for how these sources affect lipid production and 
preservation in this low-oxygen water column: significant proportions of IPLs in the mid-
water column are contributed by the surface-derived POM flux, but bacterial communities in 
the mid-water column also contribute to downward flux, even in POM of submicron size.   
The overall results indicate significant potential for the downward flux of prokaryotic 
chemical signatures within suspended particles.  In addition, active microbial metabolisms in 
the oxygen minimum zone (OMZ) appear to mediate the disaggregation of POM transported 
from the surface, thus adding complexity to the pathways of mid-water carbon flux and 
providing additional organic substrates to the OMZ.  This “substrate injection” may provide 
important fuel for the denitrification and anammox reactions. The complex processes of 
aggregation, disaggregation, new production and degradation identified in this study may help 
to better understand the transfer of biomass and chemical signatures from dark ocean bacterial 
metabolisms to deep ocean biota and to the sedimentary record. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Fractional contribution of 14 major fatty acids to sampling depths at ETNP Station 
8, separated by size and IPL polarity fraction: (a) 0.7-53 μm (L) glycolipids; (b) 0.2-0.7μm (X) 
glycolipids; (c) 0.7-53 μm (L) phospholipids; (d) 0.2-0.7μm (X) phospholipids. 
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Our understanding of the marine nitrogen cycle has been enhanced in recent years by 
new discoveries relating to ammonium oxidising Archaea (AOA) (Hatzenpichler, 2012), 
recently reclassified in the phylum Thaumarchaeota, which can oxidize ammonia aerobically 
to nitrite, the first and rate determining step of the nitrification process. This ability, along 
with their high abundance and global prevalence, make them biogeochemically important 
microorganisms.  
A specific set of intact polar lipids (IPLs) with  glycerol dialkyl glycerol tetraether 
(GDGT) core structures (in particular crenarchaeol) have been utilized as biomarkers for 
Thaumarchaeota in the marine water column (Pitcher et al., 2011a, 2011b). Upon cell death 
the polar head group of the hexose-phosphohexose (HPH) crenarchaeol IPL is rapidly lost 
while the remaining core-lipid, crenarchaeol, can be preserved over geologic timescales. 
Hence HPH crenarchaeol has been proposed as a biomarker for living or recently living 
Thaumarchaeota. In this study we have examined the spatial and seasonal distribution of 
Thaumarchaeota in the water column and sediment along a 235 km transect in the North Sea. 
A previous study in this area examined the distribution of Thaumarchaeota using core lipids 
(Hertfort et al., 2007) which are unsuitable as tracers for living Thaumarchaeota. Here we use 
both HPH crenarchaeol and thaumarchaeotal gene (16S rRNA and amoA) abundances and 
expression as markers for living Thaumarchaeota. 
Both the HPH crenarchaeol abundance and the genetic methods indicate a preference 
of water column Thaumarchaeota for the winter season, as has been described previously 
(Herfort et al., 2007; Pitcher et al., 2011b). However, in the sediment HPH crenarchaeol and 
thaumarchaeotal amoA copy numbers were most abundant in the summer. These two 
observations corroborate well with the theory that ammonia availability and competition for 
ammonia are key factor in determining thaumarchaeotal niches; competition for water column 
ammonia is lowest in winter when phytoplankton numbers are lowest while the highest levels 
of ammonia to the sediment are in late spring and summer after the deposition of phytodetrial 
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material on sediment. Furthermore, in the surface waters we observed distinct spatial 
variability in HPH crenarchaeol abundance which corresponded well with the different water 
masses present. This study provides evidence that the use of crenarchaeol HPH provides a 
strong basis, alongside genetic methods, for ecological studies of marine AOA. 
 
Figure 1. The hexose-phosphohexose crenarchaeol abundance along the sampling transect in a) 
surface water, b) bottom water and c) surface sediment. Insert: the structure of hexose-
phosphohexose crenarchaeol   
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The Jilguero and Caracara oil fields are located in the Llanos Basin, one of the most 
prolific hydrocarbon regions of Colombia. The petroleum system in the Llanos Basin consists 
of fair to good source rocks of Upper Cretaceous age (Gachetá Fm) and Tertiary age 
(Carbonera Fm), able to generate and expel large amounts of hydrocarbons. Migration 
pathway is updip, either through carrier beds and/or faults. Reservoir beds in the Jilguero-
Caracara acreage of the Llanos Basin are mainly encountered in sandstones of Cretaceous age 
(Une, Gachetá and Guadalupe Fm) and Tertiary age (Mirador and Carbonera Fm). Traps are 
usually provided by normal faulting, although there are some other trapping mechanisms still 
far from clear and subject to controversy. Top seal is provided by shales encountered through 
all the Cretaceous-Tertiary sequence.  
The Jilguero oil field was discovered by Cepsa on May 2010, where three wells have 
been drilled, including the discovery well. The field consist of four different oil bearing 
stratigraphic intervals, from top to bottom: Mirador, Guadalupe, Gachetá and Une. Oil 
bearing intervals extend over some 200 meters vertically. The Mirador is the main oil 
producer which has been proven an excellent reservoir (22%-23% porosity), able to flow 
more than 2,000 barrels of 25° API oil per day (bopd) in one single well. The Guadalupe 
formation produced heavier oil (12-15º API) on testing but with very low flow rates. Wire-
line logging interpretation, pressure data and conventional core show highly viscous immobile 
oil (tar-like material) is partially filling the pore space within both Mirador and Guadalupe oil 
bearing sections. Thin sandstone beds within the Gachetá organic-rich shales were also found 
hydrocarbon bearing, showing a lighter oil density (36 º API). The upper section of the Une 
formation also revealed light oil (32-40º API) capable to flow up to 2,000 bopd on testing.   
The Caracara is a group of four producing fields, located some 70 km southeast of the 
Jilguero field. The Caracara fields are operated by Cepsa in a joint venture with Ecopetrol. Oil 
production in the all the Caracara fields is coming from the C7 reservoir, which is the lower 
unit of the Carbonera Fm. The C7 unit is mainly composed of multiple thin beds of 
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sandstones, shales (occasionally with a very high organic content) and a lower massive 
sandstone package (C7-M/Mirador). Reservoir properties are excellent (28-33% porosity), 
showing multi-darcy permeability. Oil density in the Caracara fields is in the 21-24° API 
range. 
This study presents preliminary results of the geochemical analysis and 
characterization run in the Jilguero and Caracara oils which clearly show two oil families. 
These data combined with regional geological data indicates that these two oil families are 
most likely derived from different source rocks. The Une and Gachetá oils appear to be 
sourced by a Cretaceous age source rock. The C7, Mirador and Guadalupe oils are suggested 
to be sourced by a Tertiary age source rock, which appear to have been severely altered by 
biodegradation in the Jilguero field.   
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The Bongkot Field is located in the northern part of the Malay Basin, Gulf of 
Thailand. It is predominantly a gas field but has variable condensate gas ratios and oil 
occurrences have also been discovered in the deeper reservoirs. It has long been recognised 
that there are two main source rocks in the basin; an Oligocene lacustrine source rock and a 
Miocene fluvio-deltaic source rock (Creanay et al., 1994; Duval 1994). There is, however, 
some uncertainty over the geographical and stratigraphical distribution of the two fluid types. 
Previous studies have utilised standard geochemical techniques to attempt to determine the 
sourcing of the oils in the North Bongkot Field, but they have been hindered in part by the 
dominance of non source-diagnostic bicadinanes.  
In this study, a suite of 27 oils and condensates were analysed using Compound 
Specific Isotope Analysis (CSIA) in conjunction with standard Gas Chromatography (GC), 
Gas Chromatography-Mass Spectrometry (GC-MS) and Carbon Isotopes to understand which 
reservoir intervals each source rock has contributed to and where they have contributed 
geographically. PCA analysis has been used for understanding the groupings in this suite of 
oils and for identifying the key parameters causing these groupings. The contribution from 
each source rock has been mapped.  
The presence of oils sourced from both a fluvial and a lacustrine source were 
confirmed in the Bongkot Field. The PCA results using GC, GC-MS and CSIA parameters 
also clearly show that oils from the fluvial source rock can be distinguished from those of the 
lacustrine source rock ( 
Figure 1). A high degree of similarity within the reservoir intervals is evident 
suggesting the oils are mixing laterally but with little vertical mixing. 
Integrating data obtained from multiple techniques and combining statistical analysis has 
allowed us to understand the source and distribution of fluids discovered in the deeper 
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reservoirs in the northern part of the Main Bongkot Field and this has been key to de-risking 
the presence of an Oligocene Petroleum System in North Bongkot. 
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Figure 1: PCA scores showing sample groupings by source origin and reservoir interval 
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The problem of compositional grading in petroleum fields has received renewed 
interest in the last ten years, especially in the context of reservoir compartmentalization, and 
there are now two rival hypotheses to explain the phenomenon. The old one is gravitational 
segregation acting on petroleum that was well-mixed by the trap-filling process. The newer 
one is that the grading merely reflects the filling history of the trap with little mixing in the 
trap (Stainforth, 2004). These two hypotheses are now regarded as opposite end-members. 
In this presentation, I outline the theories behind each of these hypotheses and then 
test both of them against classic field cases that show strong compositional grading. The 
petroleum distribution in these fields can be explained entirely by the trap-filling hypothesis 
coupled with the “petroleum systems logic” of their source rock kitchens and reservoirs. The 
same cases can also be fitted quite well with a model of molecular clumping (mainly of 
asphaltenes), as proposed by Mullins and co-workers at Schlumberger, but only by making 
some rather arbitrary assumptions. An added difficulty with the latter hypothesis is that the 
phenomenon of compositional grading straddles the complete spectrum of petroleum from 
heavy tarry oils to light gas-condensates that contain virtually no asphaltenes.  
Neither of these hypotheses, as it stands, sits easily with the diffusivities of petroleum 
compounds. These diffusivities are generally too low for petroleum fields to have achieved 
complete equilibrium between gravity and diffusion in the time since trap-filling began. But 
they are large enough that there should generally have been some noticeable mixing in that 
time, especially in the older fields: curiously, though, there is no indication that older 
petroleum accumulations are better mixed than younger ones. 
Finally, I present a way out to this quandary that reconciles these two rival hypotheses. 
This requires the addition of a new conjecture, which is very simple, yet seems to eliminate 
all the difficulties posed by the observations. 
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The stable isotopic composition of meteoric waters, recorded by hydrogen isotopes 
from lipid biomarkers (Sachse et al., 2012) is an integral of a number of hydrological 
parameters, such as condensation temperature, precipitation amount, evaporation, moisture 
pathway (Gat, 1996). It is often difficult to disentangle these parameters for a true quantitative 
reconstruction of hydrological variables, such as precipitation amount and relative humidity. 
Here we present a novel approach, based on the analysis of aquatic and higher 
terrestrial lipid biomarker δD values in combination with plant physiological modelling, 
which allows for a quantitative determination of changes in relative humidity (rH).  
We present a proof-of-concept for this dual biomarker approach by estimating relative 
humidity changes during the Younger Dryas cold period in Western Europe from the analysis 
of lipid biomarker δD values from the annually varved sediments of Lake Meerfelder Maar 
(MFM).  In MFM Younger Dryas sediments the nC23 alkane likely was derived from 
abundant Potamogeton macrophytes, and it's δD values thus record changes in the δD value 
of lake water and thereby the δD values of mean annual precipitation. Higher plant biomarker 
δD values, such as of the nC29 alkane also record changes in precipitation δD values (i.e. the 
water source of plants), but are additionally affected by evapotranspirative D-enrichment of 
water in the leaves. As such, the isotopic difference between the two biomarker δD values 
(εterr-aq) is a measure of mean leaf water isotope enrichment (ΔL). The factors controlling leaf 
water isotope enrichment in modern plants are well understood and mechanistic models have 
been developed to predict ΔL. While relative humidity (rH) and temperature (T) are the main 
drivers of ΔL, plant physiological parameters can exert important additional control. We 
parameterized a Craig-Gordon leaf water isotope model (Kahmen et al., 2011) with plant 
physiological parameters estimated from available vegetation cover information from 
palynological records and climate proxy data (such as T) and solved this model for rH.  
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Using this approach for the Younger Dryas interval at MFM, we estimate that rH has 
dropped by about 20% beginning at 12.670 varve years BP over a period of about 90 years, 
coinciding with the appearance of plant taxa adapted to dry conditions such as Artemisia and 
the onset of a stronger wind regime. While the first phase of the Younger Dryas was 
characterised by low but stable rH, the second phase beginning at ca. 12.300 varve years BP 
showed centennial scale increases in rH of up to 15%. At 11.700 varve years BP, during the 
termination of the Younger Dryas rH increases by up to 30% over a period of just 70 years 
indicating the establishment of moister conditions during the early Holocene in Western 
Europe. Our reconstruction of Younger Dryas rH changes documents profound hydrological 
changes - likely as a consequence of changes in atmospheric circulation due to the position of 
North Atlantic Sea Ice - which were the ultimate trigger for the observed vegetation changes. 
While supporting previous suggestions of a dry Younger Dryas in Western Europe our new 
dual-biomarker and modelling approach delivers for the first time quantitative estimates of 
hydrological changes (i.e. relative humidity changes), which can be directly compared to the 
output from climate models.  
 
REFERENCES 
Gat, J.R., 1996. Oxygen and hydrogen isotopes in the hydrologic cycle. Annual Review of 
Earth and Planetary Sciences 24, 225–262. 
Kahmen, A., Sachse, D., Arndt, S.K., Tu, K.P., Farrington, H., Vitousek, P.M., Dawson, T.E., 
2011. Cellulose delta O-18 is an index of leaf-to-air vapor pressure difference (VPD) in 
tropical plants. Proceedings Of The National Academy Of Sciences Of The United States 
Of America 108, 1981–1986. 
Sachse, D., Billault, I., Bowen, G.J., Chikaraishi, Y., Dawson, T.E., Feakins, S.J., Freeman, 
K.H., Magill, C.R., McInerney, F.A., van der Meer, M.T.J., Polissar, P., Robins, R.J., 
Sachs, J.P., Schmidt, H.-L., Sessions, A.L., White, J.W.C., West, J.B., Kahmen, A., 2012. 
Molecular Paleohydrology: Interpreting the Hydrogen-Isotopic Composition of Lipid 
Biomarkers from Photosynthesizing Organisms. Annual Review of Earth and Planetary 
Sciences 40, 221–249. 
 
 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 114 -
HYDROGEN ISOTOPE FRACTIONATION IN LIPIDS OF FACULTATIVE AND 
OBLIGATE ANAEROBES 
 
Magdalena OSBURN1* and Alex SESSIONS1 
 
1. California Institute of Technology, Pasadena CA 91125 
*) Corresponding author: maggie@gps.caltech.edu 
 
The hydrogen-isotopic composition of lipids has been shown to vary broadly in both 
cultured bacteria and in environmental samples (Sessions et al., 1999; Li et al., 2011). Recent 
culturing studies have indicated that this variability may primarily reflect metabolism (Zhang 
et al., 2009); however, the limited number of organisms and metabolisms studied thus far 
limits our confidence in the ubiquity of such trends (Figure 1).  Further data is necessary to 
constrain the origin of D/H fractionations arising from microbial metabolism. 
Here we report D/H fractionations in anaerobic bacteria, including both facultative and 
obligate anaerobes with a range of electron donors, acceptors, and central metabolic pathways.  
Experiments using the metabolically flexible alphaproteobacterium Paracoccus denitrificans 
and gammaproteobacterium Escherichia coli probe particular central metabolic pathways 
using a range of terminal electron acceptors.  A large range of δD values is observed in 
heterotrophic cultures of both bacteria with varying carbon substrate. Interestingly, 
differences in D/H fractionation are observed between anaerobic and aerobic cultures using 
the same substrate as well as between the two organisms under identical conditions.   
We have also undertaken growth experiments using the sulfate reducing bacteria 
Desulfobacterium autotrophicum and Desulfobacter hydrogenophilus to probe a single 
metabolism in organisms with different metabolic machinery. These bacteria are both strict 
anaerobes but utilize the acetyl-CoA and TCA cycles, respectively, for carbon metabolism 
(Schauder et al., 1987; Londry et al., 2004; Strittmatter et al., 2009).  Our results indicate that 
chemolithoautotrophy and anaerobic heterotrophy can produce similar δD values, and are 
similar between bacteria despite differing metabolic pathways (Figure 1).  
These results suggest that the D/H fractionations observed in lipids are the product of 
both the specific metabolic pathway and the electron acceptor used for growth, as well as 
potentially other factors.  This dependence on the electron acceptor is surprising because it 
has no direct control on the NADPH pools within the cell, the hypothesized basis for the 
metabolic effect (Zhang et al., 2009). While our results are not inconsistent with previous 
studies, the emerging picture is more complex than the simple correspondence between δD 
and metabolic pathway previously understood from aerobic bacteria (Figure 1). Despite the 
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complexity, the large signals and rich variability of observed lipid δD values suggest much 
potential as an environmental recorder of metabolism.  
 
 
Figure 1.  Summary of D/H fractionation observed to date including previous culturing 
studies, updated ranges from this study, and examples of ranges observed in environmental 
samples.  Data from Li et al., 2009; Zhang et al., 2009; Osburn and Sessions, 2011. 
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While compound-specific δD analyses of biomarkers, especially of leaf wax-derived 
n-alkanes, have become a popular tool in paleohydrology and -climate research during the last 
~15 years, a method for compound-specific δ18O analyses of hemicellulose sugar biomarkers 
from soils and sediments was proposed only recently (Zech and Glaser, 2009; Zech et al., 
2012). A major challenge when interpreting terrestrial δD or δ18O biomarker records is to 
differentiate between climatically controlled variations of plant source water (~δDprecipiation 
and ~δ18Oprecipiation) and climatically controlled variations of evaporative deuterium and 18O 
enrichment of leaf water during transpiration. 
Here we propose a conceptual model which allows overcoming this limitation in a 
combined 18O and deuterium approach (Fig. 1). Accordingly, the isotopic composition of leaf 
water can be reconstructed from δ18O and δD of sedimentary hemicellulose and leaf-wax 
biomarkers (pentoses and n-alkanes, respectively) by applying biosynthetic fractionation 
factors. The deuterium excess of leaf water may then serve as proxy for evaporative 
enrichment and allows calculating relative air humidity using a Craig-Gordon model (for 
details see Zech et al., submitted). First results obtained for a 220 ka Siberian permafrost 
paleosol sequence confirm the aridisation trend which was derived from progressively smaller 
ice sheet extensions in the study area. 
Using the Craig-Gordon model, also 18O of the plant source water (18Osource water) can 
be calculated, which primarily reflects 18O of paleoprecipitation. Our 220 ka 18Osource water 
record is well in agreement with the 18Odiatom record from Crater Lake El’gygytgyn in NE-
Siberia (Chapligin et al., 2012) and enables a regional paleoclimate reconstruction and 
interpretation. 
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Figure 1. D-18O diagram illustrating the global meteoric water line (GMWL) and an 
evaporation line (EL, with a slope of 2.82). Data points representing the 220 ka case study 
record from NE-Siberia are included for reconstructed source water, reconstructed leaf water 
and the actually measured 18O values of the hemicellulose sugar biomarkers and the D 
values of the leaf wax n-alkane biomarkers. While the isotopic composition of the source 
water is primarily temperature-controlled, the leaf water isotopic composition is additionally 
strongly influenced by evaporative enrichment (from Zech et al., submitted). 
 
Overall, our study highlights the great potential of the novel hemicellulose biomarker 
18O method for paleoclimate reconstructions, particularly when combined with D analyses 
of n-alkane lipid biomarkers. 
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Continuous improvements in the exploration and drilling technologies are 
progressively pushing the focus of hydrocarbon exploration towards geologically and 
operationally more complex areas. These developments have brought a paradigm shift to 
deeper objectives in the exploration of the Atlantic conjugate margins. In recent years, 
exploratory successes offshore NW Africa arose a renewed interest in the underexplored 
African-Iberian transition zone of the Atlantic margin. Geochemistry and petroleum system 
modelling are key disciplines to use in the study of this area. 
The pre-Tertiary stratigraphy is remarkably uniform all along the northwestern 
African and southwestern Iberian margins. Clastic sequences of Late Triassic age, followed 
by Late Triassic to Early Jurassic evaporites recorded the North Atlantic rifting. The transition 
to a passive margin corresponds to the emplacement of a Jurassic to Early Cretaceous 
carbonate platform. It was followed by a marine clastic sedimentation since the Cretaceous. 
During Early to Middle Miocene times, the Atlantic-Mediterranean transition-zone evolved 
into an active collisional margin due to the convergence of the African and Eurasian plates 
resulting in the uplift of the Betic-Rifean orogen. The associated gravitational processes 
resulted in the radial emplacement of huge allochthonous masses into the Guadalquivir Basin 
(Iberian foreland), Gulf of Cádiz and Gharb Basin (North African foreland). This accretionary 
wedge, apparently lacking internal structuration (cause of its “nappe” or “olistostrome” 
naming) carries atop Late Miocene to Pleistocene mini-basins several thousand meters thick. 
Further south, the Cretaceous passive margin sedimentation continued until the present. 
Several petroleum plays have been proven in the study area. Commercial production 
of oil and gas mainly from Mesozoic carbonates exists onshore Morocco in the Essaouira and 
Gharb basins. In the latter, most of the traps are structural corresponding to the Rifean fold-
and-thrust belt. The same reservoir hosts numerous sub-commercial accumulations and shows 
offshore Morocco where the carbonate platform was less deformed. Migrating hydrocarbons 
have been recorded in clastic Mesozoic and Tertiary reservoirs, mainly turbidites, in offshore 
exploration wells all along the Moroccan margin in stratigraphic traps or salt-related 
structures. The accretionary wedge and associated mini-basins are the site of biogenic gas 
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production onshore Gharb Basin and both onshore and offshore the Guadalquivir Basin. 
However, we will present geochemical evidences that prove the existence of high maturity 
thermogenic gases in the offshore Gharb Basin and open new perspectives.  
World class source rocks can be associated to these plays. Oil-source correlations 
from the onshore Moroccan fields indicate that the Jurassic and Cretaceous organic-rich 
layers (Toarcian-Pliensbachian, Oxfordian and Cenomanian/Turonian) are effective sources. 
Palaeozoic sources are well known all over North Africa and are present onshore Morocco, 
although related commercial accumulations are missing. In addition, it has been hypothesized 
that lacustrine source rocks could have developed during the first stages of the North Atlantic 
rifting and organic-rich intervals of Triassic age have been reported onshore Morocco. 
Tertiary organic-rich intervals are also known both on- and offshore.  
All these elements show the existence of a real potential in the proven plays and 
eventually in the untested Palaeozoic pre-rift, Triassic syn-rift and accretionary wedge ones. 
However, the area remains underexplored, especially offshore, and big commercial 
discoveries are still to be made. A cause for this underexploration is the complexity of the 
tectonic setting by itself, increased to the north by the presence of a thick accretionary wedge, 
that make high quality seismic resolution difficult and expensive to achieve. Another cause is 
certainly operational, with high sedimentation rates and possibly related overpressures, 
complicated in places by salt tectonics, which increase risks and costs. However, offshore 
operating companies are now acquiring interests in this promising area attracted by favorable 
contract terms. Organic geochemistry and basin modeling are key tools to evaluate the 
potential of the area and understand complex migration pathways and trapping mechanisms. 
The purpose of the present study is to review the petroleum systems and plays of the 
Atlantic margin of Morocco and southwestern Iberia in the light of geochemical and 
modelling techniques and to discuss the remaining potential of this frontier exploration area.  
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The northern Bonaparte Basin is a highly prospective petroliferous basin located on 
the northern part of the North West Shelf of Australia. Despite the exploration maturity of the 
basin, under-filled structures and structures with no hydrocarbons continue to be drilled. Lack 
of adequate charge or vertical leakage are considered to be major risks for hydrocarbon 
exploration in this area. The latter has been related to fault reactivation that occurred during 
the Late Miocene to Early Pliocene. Potential source rocks occur within pre-rift, rift and post-
rift sediments and include the Lower–Middle Jurassic Plover Formation, Middle-Upper 
Jurassic Laminaria Formation, Upper Jurassic–Lower Cretaceous Frigate Shale and Lower 
Cretaceous Echuca Shoals Formation. Twenty immature samples representative of these 
source rocks have been analysed. Compositional kinetic models of petroleum generation were 
developed using open and closed system pyrolysis experiments following the methodology of 
di Primio and Horsfield (2006). A PetroMod™ basin history model was constructed that 
utilised the northern part of the Vulcan Mega survey 3D from which nine stratigraphic 
surfaces were interpreted. The thermal history was assessed in order to gain insights into the 
timing of hydrocarbon generation and expulsion. From these data, a 3D petroleum model was 
built for the study that visualised the hydrocarbon migration pathways and the location of 
accumulations through time. 
Total organic carbon content and Rock-Eval pyrolysis analyses indicate the presence 
of organic-rich sediments containing Type II–III organic matter. Open pyrolysis-gas 
chromatography results show the dominance of aliphatic components in the pyrolysates of the 
studied source rocks, whereas the coaly sediments from the Plover Formation exhibit high 
phenolic contents. Most of the studied kerogens have the potential to generate Paraffinic-
Naphthenic-Aromatic oils with low wax contents. Bulk kinetic analyses reveal a relatively 
broad distribution of activation energies that is directly related to the degree of heterogeneity 
in the composition of the studied kerogens. Compositional kinetic model predictions indicate 
that 80% of the hydrocarbons were generated as oil and 20% as gas, except for the Echuca 
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Shoals Formation where a greater proportion of gas (40% gas) could be generated. The results 
derived from 3D petroleum modelling (Fig. 1) indicate that hydrocarbon generation 
commenced during the middle Paleogene and was controlled by the deposition of the thick 
Cenozoic carbonate shelf which resulted in deeper burial. The second phase took place during 
the late Neogene and is possibly associated with an increase in heat flow due to the circulation 
of hot saline fluids during fault reactivation. Faults have a significant effect on the distribution 
of the petroleum accumulations and the amount of leakage depending on their assigned 
properties. The location of the predicted accumulations largely matches the known 
distributions of under-saturated oils; however, observed natural fluid gas-oil ratios (GORs) 
could not be reproduced. The difference has been explained by water washing of the original 
hydrocarbon charge (Newell, 1999), which resulted in the depletion of the water soluble, light 
molecular weight species, and thus, a reduction in the GOR. Alternatively, severe levels of 
phase fractionation can result in such under-saturated light oils that are depleted in aromatic 
hydrocarbons. Our results indicate that the exploration failures in the northern Bonaparte 
Basin are not due to a lack of hydrocarbon charge, but that leakage associated with tectonic 
reactivation of faults is the main process leading to hydrocarbon losses.  
 
Figure 1. The present day transformation ratios for the Plover Fm (A), Laminaria Fm (B), 
Frigate Shl (C) and Echuca Shoals Fm (D) in the northern Bonaparte Basin 
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Oil-oil correlation is a key step in deciphering the generation and migration history of 
a petroleum basin. Biomarkers are particularly useful, but care is required in selecting suitable 
parameters when maturity or alteration varies across the oil population present. Consequently, 
the ideal pairs of parameters should exhibit similar trends with respect to generation from 
kerogen, thermodynamic stability, volatility and resistance towards biodegradation. They 
should also be readily analysed and free from co-elution problems. We report the use of a set 
of nine novel biomarker parameters that fulfil these requirements, which have been validated, 
using PCA, against published oil populations in part of the Norwegian North Sea based on 
conventional correlation parameters (Justwan et al., 2006). The novel parameters were then 
used to examine a large set of oils covering the entire Norwegian North Sea, resulting in the 
identification of some 10 populations, some of which appear to represent mixing of Draupne-
type oil with oil from more humic sources. We also report the use of a set of five light 
hydrocarbon parameters to aid identification of contributions of gas condensate to oil 
accumulation. 
Oil-oil correlation is more valuable when the various populations can be associated 
with particular sources. A number of biomarker parameters are available for inferring the 
likely age range of an oil’s source rock, based on the evolutionary characteristics of major, 
mostly marine, primary producers (e.g. Moldowan & Jacobsen, 2000; Brocks & Summons, 
2004). However, for most of these parameters the age indications are relatively coarse, and 
determination of suitable data can be difficult when the associated compound classes are of 
exceptionally low abundance. Potentially, it is possible to use biomarker parameters that are 
not directly linked to global patterns of evolution, if those parameters exhibit a progressive, 
non-repeating, change over a wide geological time period. They could be related to changes in 
primary producer populations and/or sedimentary diagenetic conditions, and they might 
provide higher temporal resolution than traditional age indicators. Suitable conditions appear 
to be found in the Norwegian Barents Sea, a marine intracratonic basin that has undergone 
progressive subsidence and northwards migration throughout the Mesozoic. 
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The PC1 value from PCA of conventional age indicators of oils was found to correlate 
with age, and was used to screen a wide range of novel parameters for age-related trends, 
yielding eight new parameters. Extracts of claystones spanning the Mesozoic were used to 
calibrate age trends and subsequently predict oil-source ages by partial least squares analysis 
(Figure 1). Based on the likely Hekkingen source for many of the oils, age indications from 
both parameter sets either overestimate ages or suggest mixed contributions. Error ranges are 
greater for the conventional than novel parameter set and do not conclusively resolve age 
differences among the oils, but the novel parameters appear to confirm suggested differences. 
 
 
Figure 1.  Predicted ages of source rocks from PLS of oils using conventional and novel age-
related parameters (mean and error range shown, together with calibration regression fit). 
Formations (in order of increasing age): Kn, Knurr; Hk, Hekkingen; St, Stø; T, Tubåen; Sn, 
Snadd; Kb, Kobbe; Ø, Ørn. 
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Marine archaea have been recognized as a cosmopolitan player for biogeochemical 
cycles in water column and sub-seafloor environments. Focusing on benthic archaeal 
heterotrophic processes in deep-sea sediment, we preliminarily traced 13C-signature in 
archaeal lipids to determine de novo and salvage pathway (recycling process) by in situ 13C-
experiment for 405 days (Takano et al., 2010).  
In this study, we conducted feeding experiments by 13C-Chlorophyll-a and 13C-phytol 
(C20) for archaeal cultures to validate energetic linkage between photoautotrophy and archaeal 
heterotrophy (Fig. 1). The 13C-
probing signature of archaeol 
(diether lipid, C43) was more 
predominant than caldarchaeol 
(tetraether lipid, C86). The stepwise 
13C-enrichment indicated putative 
head-to-head condensation process 
(Nemoto et al., 2003) from two 
molecules of diether to tetraether 
lipid. We suggest that exogenous 
phytol is recyclable isoprenoid 
precursors for archaeal ether lipid 
biosynthesis. 
 
Fig. 1.  Possible biogeochemical 
linkage from Chl-a to archaeal 
ether lipids via isoprenoid 
precursors (i.e., molecular series of 
phytol, archaeol, and caldarchaeol). 
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Chlorophylls and bacteriochlorophylls are the most abundant photosynthetic pigments 
on Earth. These compounds and their transformation products (chlorins, porphyrins, 
maleimides) can be preserved in limnic and marine sedimentary deposits and crude oils and 
serve as valuable proxies for palaeoenvironmental reconstructions. Among these degradation 
products, maleimides (1H-pyrrole-2,5-diones), the oxidation products of tetrapyrrole 
pigments, have been hardly studied so far in recent sediments, most studies being focused on 
ancient deposits (e.g., Grice et al., 1996). 
In this study, both “free“ (i.e., naturally-occurring) maleimides and maleimides formed 
by chromic acid oxidation (Fig. 1) of sedimentary tetrapyrroles were analysed in recent 
sediments from the eutrophic Swiss lake Rotsee and the Black Sea to identify maleimide 
sources, to investigate chlorin degradation processes and the role of oxygen in maleimide 
formation. Tetrapyrrolic pigments related to chlorophylls were the main source of 
maleimides, although a small contribution of other sources such as cytochromes and/or 
phycobilins cannot be completely ruled out. 
2-Methyl-maleimide (Me,H maleimide), 2,3-dimethyl-maleimide (Me,Me maleimide), 
2-methyl-3-vinyl-maleimide (Me,vinyl maleimide), 2-methyl-3-ethyl-maleimide (Me,Et 
maleimide) and traces of 2-methyl-3-iso-butyl-maleimide (Me,i-Bu maleimide) occurred 
naturally in the sediments with a large predominance of the Me,Et homologue. Me,Et 
maleimide and Me,vinyl maleimide most likely predominantly originate from chlorophyll a 
related pigments. The same holds for Me,H maleimide, which might be formed following 
degradation of ring E from the tetrapyrrolic nucleus, whereas the source of Me,Me maleimide 
remains unknown.  
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2-Methyl-3-n-propyl-maleimide (Me,n-Pr maleimide) and Me,i-Bu maleimide arising 
from bacteriochlorophyll related pigments traced the presence of phototrophic sulfur bacteria 
(Chlorobi), which indicates photic zone euxinic conditions in Rotsee during the last 150 years 
and throughout the Black Sea history, including the limnic phase of the Black Sea (Unit 3). In 
Rotsee, a decreasing Me,n-Pr and Me,i-Bu maleimide concentration is observed since the 
1920s, and parallels the relative increase of the carotenoid okenone concentration (Züllig, 
1985), indicating eutrophication and shallowing of the oxycline. Some other minor 
maleimides with specific alkylation pattern also originate from bacteriochlorophylls with 
appropriate alkylation patterns on ring B, while the source of others could not be identified.  
Free maleimides were mainly formed in the absence of oxygen in the sediment. Novel 
maleimide degradation indices (defined as the relative proportions of Me,Me and Me,Et 
maleimide in the free and oxidised fractions) are proposed to estimate the degree of OM 
degradation (OM freshness/degradability). 
 
Figure 1: Reconstructed ion chromatogram showing the maleimides in the oxidised fraction of 
Rotsee surface sediment. Insert chromatogram represents an enlargement of the 
chromatogram at retention times between 27 and 32 min. Maleimides are analysed as 
TBDMS derivatives. 
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A general fate of organic matter in marine sediment is deep burial and alteration by 
the Earth’s internal heat. The typical seafloor receives rather low heat flow (~42 mW m‒2; 
Parsons and Sclater, 1977) and thus considerable heating takes place several kilometers below 
seafloor; spreading centers on the other hand are often characterized by geothermal anomalies. 
For spreading centers at the transition from continental rifting to seafloor spreading, the 
combination of geothermal anomalies and heavy sedimentation is conducive to near-surface 
heating of sediment, a condition that can strongly impact organic matter alteration and 
regional carbon budgets. The Guaymas Basin (Fig. 1A), located in the central Gulf of 
California, is a spreading center at such a transitional stage (Fisher and Becker, 1991). During 
the expedition AT15-56 (2009) of the RV Atlantis, we collected bottom waters, pore waters 
and sediment from hydrothermal sites (Site 4568) and one reference site (Site 4567) to 
evaluate the dynamics of dissolved organic carbon (DOC) in the sediments. In sediment slurry 
experiments (temperature range: 12-90°C) using materials from Site 4567, elevated 
temperatures induced transformation of particulate OC to DOC, even in sterilized controls. 
Accumulation of DOC was rapid and proportional to temperature. In contrast to the 
experimental results, most pore-water DOC concentrations in hydrothermally altered 
sediment were lower than those in the cold reference site (Fig. 1B). Aqueous extraction 
experiments further demonstrated that sediment from the hydrothermal site, despite being rich 
in total organic carbon, was depleted in extractable DOC. These lines of evidence suggest that 
in heated, permeable sediment, thermally mobilized DOC was constantly expelled into 
seawater by heat-driven fluid flow. We estimated that heating of organic-rich reference site 
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sediment according to the geothermal gradient of Site 4568 could produce an average DOC 
efflux as high as 50-500 mmol m‒2 d‒1, that is, about 2-4 orders of magnitude higher than the 
diffusive DOC effluxes measured in nearby, non-hydrothermal environments (Holcombe et 
al., 2001). The exceptionally high bottom water DOC concentrations at both sites (~0.3 mM, 
about five times higher than those reported in Holcombe et al., 2001; Fig. 1B) could be an 
indication that the DOC pool in the regional bottom water is fuelled by input from sediment. 
 
Figure 1. (A) Bathymetric contours, heat flow contours, modeled Darcy velocities of fluids 
through shallow sediments, and dive locations in the southern trough of the Guaymas Basin. 
The inset map shows the location of Guaymas Basin as one of a series of depressions in the 
Gulf of California. Source of the bathymetric data and locations of the hydrothermal patches: 
Simoneit and Lonsdale, 1982. Source of the heat flow and fluid velocity data: Fisher and 
Becker, 1991. Source of the inset map: Lawver et al., 1975. (B) Distribution of temperature 
(T), total organic carbon (TOC) content, dissolved organic carbon (DOC) concentration, and 
Soxhlet extractable DOC (DOCSE) content in shallow sediments at a reference site (Site 4567) 
and a hydrothermal site (Site 4568). HF: heat flow. 
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Large viscosity spatial variation is the defining characteristic of heavy oilfields which 
strongly impacts the mobility of the petroleum and can adversely affect or inhibit production. 
In order to improve past performance and to optimize current production, more detailed 
mapping of viscosity variations is needed in heavy oil fields. A key aspect of this mapping 
process is developing reliable ways to correlate viscosity to more easily and rapidly measured 
oil compositions. We describe an application of comprehensive two-dimensional gas 
chromatography (GC × GC) technique in this case study. 
Twenty two heavy oils from western slope of the Songliao Basin NE China have been 
characterized using GC × GC technique, which has a very high separating power compared to 
single GC. These oils are suffered varying degree of biodegradation influence with API 
gravity in the range from 26.5 to 17.4⁰ at 20°C and viscosity in the range from 80 to 520 
mPa.s at 50°C. Since biodegradation is the dominant cause for oil physical property variation, 
chemical compositions of oil are well correlated to the degree of biodegradation which in turn 
controls oil viscosity. In the studied oil viscosity rang, paraffinic hydrocarbon content 
decrease from 77.31% to 9.63% while monocyclic aromatic hydrocarbons (HCs), bicyclic 
aromatic hydrocarbons and non-hydrocarbons increase from 4.02%, 1.31%, 6.38% to 32.95%, 
4.55%, 34.78%, respectively. Naphthenic hydrocarbon content increases initially from 7.81% 
to 25.27, then decreases to 17.53%. An empirical viscosity index (Iv) was defines as Iv = 
8.9456 × non-hydrocarbons (%) + 0.0865 × aromatic HCs (%) + 2.76 × naphthenes (%) - 
0.0386 × paraffins (%) and oil viscosity at 50°C can be calculated as V (viscosity) = 1.082 × 
Iv - 8.858 with coefficient (R2) of 0.784. Such correlation was applied to two wells where 15 
core extracts were analyzed. The calculated viscosity from wells Jiang 77 and Jiang 84 are in 
the range from 281 to 454mPa.s. Relatively lower calculated viscosity intervals from wells 
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Jiang 77 and Jiang 84 at depth of 572.0-581.0 m and 579.6-581.8 m, respectively, were 
perforated with daily thermal production of 51.84t/d and 0.56t/d. The analyzed viscosities of 
290 mPa.s and 303 mPa.s are very close to predicted values of 281 mPa.s and 334 mPa.s, 
respectively with relative deviation less than 5%. Analyzing chemical composition of heavy 
oil sand extracts using comprehensive two-dimensional gas chromatography and correlating 
to oil viscosity may provide another powerful tool for optimizing heavy oil production. 
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The microbial removal of the methyl group at C-10 from the hopane series during the 
biodegradation of petroleum has been well documented (Peters et al., 2005 and references 
therein). This mechanism is also helpful to explain the occurrence of 25-norhopanoic acids 
(Bennett et al., 2007) and the 25-norbenzohopanes (Tian et al., 2012). The 
hexahydrobenzohopanes are hexacyclic hopanes that have similar carbon skeleton with 
benzohopanes and were first identified by Connan and Dessort (1987). Due to their strong 
resistance to biodegradation, they are used to define the paleoenvironment of the parent 
source rock of a drastically biodegraded oil (Connan and Dessort, 1987). The report on their 
biodegradation, however, is rare. In this study, we tentatively identified a series of 25-
norhexahydrobenzohopanes based on their mass spectra and retention times.  
The bitumen sample was collected in the outcrops of Lower Devonian bituminous 
sandstones, NW Sichuan basin (Tian et al., 2012). The GC–MS and GC–MS–MS analyses 
were carried out using DSQ II and TSQ Quantum XLS system, respectively. A DB-1MS 
fused silica capillary column (60 m×0.32 mm i.d., film thickness 0.25 μm) was used. The 
GC–MS–MS analysis clearly reveals a series of 25-norhexahydrobenzohopanes ranging from 
C30 to C34. Except for the C30 compound, the retention time of C31 to C34 compounds linearly 
increase with increasing carbon numbers, indicating they are homologues (Fig. 1a~e). 
Because of abundant series of 25-norhopanes in the m/z 177 mass chromatogram and the 
cyclization at C20, the C30 and C31 25-norhexahydrobenzohopanes are best identified in the 
m/z 203 and 217 mass chromatograms and they elute closely after C30 25-norhopanes during  
the GC-MS analysis (Fig. 1f~i). Mass spectra for the two compounds are characterized by the 
base peak 177 along with characterizing fragment ions m/z 203, 410 (for C30) and m/z 205, 
424 (for C31), indicating a loss of methyl group at C10 from the C31 and C32 
hexahydrobenzohopanes (Connan and Dessort, 1987). Note that the C30 25-
norhexahydrobenzohopane is probably derived from the C31 25-norhexahydrobenzohopane by 
losing a methyl group at C18 or from the C31 novel hexahydrobenzohopane with cyclization 
at C16 by losing a methyl group at C10 (Schaeffer et al., 1995).  
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Figure 1. Mass chromatograms of 25-norhexahydrobenzohopanes (a-i) and mass spectra of 
C30 and C31 25-norhexahydrobenzohopanes (j-k). The structures are tentatively suggested 
with reference to Connan and Dessort (1987). The hexahydrobenzohopanes are indicated by 
C31/6, C32/6 and NH represents 25-norhopane. 
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The carboxylic acids (so-called ‘naphthenic acids’) found in petroleum often exist as 
supercomplex mixtures or ‘humps’, which have proved difficult to characterise for decades. 
Nonetheless it is important that such acids are identified as they are involved in naphthenate 
deposition and corrosion problems in oilfield pipelines and are recognised as globally 
distributed environmental contaminants.  
Here we report ion exchange solid phase extraction (normal and argentatious) to pre-
fractionate supercomplex mixtures of acids from crude oils and acidic oil sands extracts, into 
multiple acid sub-fractions (Jones et al. 2012). Analysis of each esterified acid sub-fraction by 
comprehensive gas chromatography (GC×GC) using a variety of 1st and 2nd dimension 
column combinations, including a novel ionic liquid primary: nonpolar secondary column 
combination, allowed remarkable chromatographic resolution of this formerly supercomplex 
mixture. 
For example, ‘naptheno-aromatic’ sub-fractions were found to contain about 2000 
separated esterified acids, with a small number of individual acids (ca. 10) dominating each 
fraction. When coupled to a time-of-flight mass spectrometer (GC×GC/ToFMS) using both 
nominal and high resolution (accurate mass) mass spectrometry, an unprecedented level of 
characterisation was achieved (West et al. 2013).  For instance, whilst few earlier studies have 
allowed the identification of aromatic or sulphur containing carboxylic acids in petroleum or 
oil sands, esterified acid fractions eluting from an argentation solid phase extraction (Ag+SPE)  
column with diethyl ether contained a number of diaromatic sulphur containing alkanoic acids.  
These could be monitored in the fractions by selected ion GC×GC/ToFMS and tentative 
identities assigned on the basis of accurate mass, mass spectra. 
The combined Ag+ SPE and GC×GC-MS approach allows the supercomplex mixtures 
or “humps” of so-called ‘naphthenic acids’ found in petroleum at last to be separated into 
individual acids (as esters) and many identified. The resulting profiles will allow different 
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biodegraded petroleums to be compared or differentiated, toxic acid pollutant mixtures to be 
better characterised and oilfield pipeline deposits to be studied in more detail. 
 
Figure 1. (A) 3D Total ion chromatogram from GC×GC/MS of methyl esters of an 
unfractionated oil sands process water sample illustrating the complexity of the supercomplex 
mixture.  (B) 3D extracted ion chromatogram (m/z 272) of an oil sands process water sub-
fraction isolated by argentation solid phase extraction, illustrating the chromatographic 
resolution of individual acids using an ionic liquid primary GC stationary phase. 
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In recent years there has been a remarkable decrease in sea ice concentration (SIC) 
and increase in sea surface temperatures (SSTs) in the Arctic Ocean [1]. However, 
understanding of whether similarly rapid changes occurred during orbitally-driven warming 
in the past remains unclear. A number of proxies can be used to reconstruct how paleo SIC 
and SST co-varied, but relation to modern sea surface conditions and down-core applications 
is not well constrained in the Arctic. To address this, we are analyzing lipid-based proxies for 
SIC and SST in surface sediments (n=90) and sedimentary records (n=4) across the Beringian 
Gateway in the Bering and Chukchi Seas that span the last deglacial to modern (Figure 1). In 
our study, changes in SIC are reconstructed from the abundance of the sea ice proxy IP25 [2] 
and the phytoplankton sea ice proxy PIP25, which accounts for abundance of brassicasterol 
[3]. IP25 is a monounsaturated highly branched isoprenoid selectively biosynthesized by 
diatoms (Haslea, Navicula) and is reported to indicate presence/absence of seasonal sea ice in 
the Arctic [4]. We reconstruct SSTs using the TEX86 paleothermometer, which is based on 
the relative abundance of isoprenoidal glycerol dialkyl glycerol tetraethers (GDGTs) 
primarily biosynthesized by Thaumarchaeota [5]. In high-latitude oceans, the crenarchaeol 
regio-isomer is insensitive to temperature change and thus the low (<15°C) temperature 
calibration (TEX86-L) is applied [6].  
IP25-based SIC and TEX86-L-based SSTs are compared to top-of-atmosphere solar 
insolation, satellite-derived SIC and SST, environmental variables (WOA09 salinity, nitrate, 
phosphate, silicate, dissolved oxygen datasets), as well as sedimentary total organic carbon 
and total nitrogen. Correlation matrices indicate TEX86-L temperatures exhibit low 
correlation (r2=0.30; p<0.01) with satellite-derived annual SSTs. No significant relation 
(p<0.01) was found among the fractional abundances of GDGTs used in the TEX86-L 
calibration with environmental, including SIC, or sedimentary variables. TEX86-L 
temperatures were also reconstructed from a sedimentary record spanning the last ~70 years 
in the Western Bering Sea (DBSB) (Figure 1). While satellite SSTs indicate a slight warming 
toward the present, the TEX86-L temperature curve displays an overall cooling trend, with 
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values offset ~6°C warmer than the satellite temperature record. Our analyses reveal the 
presence of IP25 and brassicasterol in surface sediments, with higher abundances in the 
Chukchi Sea than the Bering Sea. As part of our ongoing research, IP25-based SIC and 
TEX86-L-based SST proxy calibrations are being developed and applied to sedimentary 
records spanning 21-10 ka in the Bering Sea (JPC-03, JPC-51), and 13-0 ka in the Chukchi 
Sea (JPC-24) (Figure 1). This study provides further development of modern regional 
calibrations for quantifying paleo SIC and SST change in the Beringian Gateway during the 
last deglacial and Holocene in the Arctic.  
 	
Figure 1. The Beringian Gateway with location of surface samples (red dots), modern (blue 
dot) and longer-term (black dots) sediment records analyzed in the Bering and Chukchi Seas. 
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Methyltrimethyltridecylchromans (MTTCs, Figure 1) have been widely detected in 
sediments and crude oils from various depositional settings and are established markers for 
palaeosalinities. However, their origin and geological formation pathway remains unclear (e.g. 
Li and Larter, 1995; Sinninghe-Damsté and De Leeuw 1995). The natural occurrence of 
MTTCs as distinct isomers of methyl- dimethyl and trimethyl isomers and structural 
similarities to tocopherols (Figure 1) abundant in various phototrophic organisms led to the 
suggestion of a biological origin from phytoplanktonic organisms (Sinninghe-Damsté, 1993). 
However, to this date MTTCs or suitable precursor compounds have never been found in 
organisms (tocopherols can be ruled out as precursors due to the hydroxyl group at C-6). 
Alternatively a formation of MTTCs via early diagenetic condensation reactions of phytol 
with alkyl phenols has been proposed (Li et al., 1995). We developed an online pyrolysis-gas 
chromatography- isotope ratio mass spectrometry (PY-GC-irMS) method with the capacity to 
measure δ13C in fragments (trimethylphenol and pristenes) generated from 5,7,8-trimethyl-
MTTC, which shows a great potential to further investigate the previously described 
formation pathway based on correlation of δ13C of the chroman fragments with other higher 
plant and phytoplankton biomarkers (Tulipani et al., 2013a, submitted). Furthermore, we 
identified MTTCs in Givetian/Famennian sediments from the Canning Basin, Western 
Australia associated with Late Devonian extinction events. The abundance profiles of 
chromans and their 13C data (including δ13C of pristene generated from pyrolysis) correlate 
strongly with pristane and phytane and are consistent with an origin of MTTCs from 
condensation reactions involving the phytol. The depositional environment is thus interpreted 
as being highly stratified with freshwater incursions over saline bottom waters based on 
biomarker parameters such as relatively high gammacerane index as well as evidence of 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 139 -
anoxia (e.g. abundant perylene) and photic zone euxinia (Chorobi markers, depleted 34S of 
pyrite) in combination with high chroman ratios indicative of low palaeosalinities (Tulipani et 
al., 2013b). 
 
 
Figure 1. Structures of methyltrimethyltridecylchromans (MTTCs) and tocopherols 
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Branched glycerol dialkyl glycerol tetraethers (brGDGTs) are bacterial membrane 
lipids found ubiquitously in peat, soils, lakes and coastal marine sediments. Structural 
variation in the form of degree of cyclisation and methylation of the alkyl chains, depend on 
ambient soil pH and temperature (Weijers et al., 2007a). By erosion of soil and transportation 
by rivers, a palaeoclimate record is deposited in lake and ocean sediments. A global 
calibration was made, based on the relative abundance of nine compounds: tetra-, penta-, and 
hexamethylated brGDGTs with zero to two pentyl moieties (Weijers et al., 2007a). We have 
recently investigated the brGDGT composition in a Siberian peat and detected four new 
isomeric forms in addition to the molecules used in the original calibration (De Jonge et al., 
2013). The hexamethylated brGDGT, which was previously assumed to be one compound, 
was shown to consist of four different isomers (I-IV; Fig. 1A). The pentamethylated brGDGT, 
also assumed to be one compound, consists of two isomers (V-VI; Fig. 1A). 
We have improved the existing chromatographic method to improve the separation 
between the brGDGTs used in MBT/CBT proxies, and their isomers. A dataset of soil and 
river suspended particulate matter (SPM) samples sampled throughout Siberia shows a high 
relative abundance of the new isomers in rivers and lakes (16-92% of total hexamethylated 
brGDGT) and soils (0-62% of total hexamethylated brGDGT). The results indicate that the 
relative abundances of the new brGDGT isomers correlate well with the CBT-index (Fig. 1B), 
suggesting a dependence on pH. However, this relationship is markedly different for soil and 
SPM samples. This allows the use of the new isomers to identify in-situ produced ‘aquatic’ 
brGDGTs in lake sediments. 
The widespread detection of these abundant new compounds implies that previous 
global calibrations based on brGDGTs need re-evaluating. We will present this new 
calibration and compare the distributions in soils with distributions obtained from river and 
lake SPM. 
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Figure 1 A) partial base peak chromatogram (BPC) and m/z 1050 and m/z 1036 
chromatograms illustrating the presence of penta- and hexamethylated brGDGTs in the 
Siberian peat, with structures of brGDGTs identified and B) relative abundance of the 
hexamethylated isomer (III+IV/(I+II+III+IV)) compared to the calculated CBT value. 
Regression lines are plotted for brGDGTs found in suspended particulate matter (SPM) from 
fresh and saline environments (open circles; r2 = 0.62) and soils (closed circles; r2 = 0.88). 
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The Recôncavo Basin, which is part of the intracontinental Recôncavo-Tucano-Jatobá 
rift, was developed during the opening of the South Atlantic Ocean and evolved in the early 
Cretaceous as an aborted branch of the Eastern Brazilian continental margin (Figure 1A). 
Since most of the petroleum fluids in this basin are genetically related and experienced nearly 
equal thermal stress (Penteado,  1999), one of the major tasks in geochemical assessments in 
this basin is to dig into chemical composition looking for minor differentiations. This target 
can be accessible if new analytical techniques are involved. Comprehensive two-dimensional 
gas chromatography (GC×GC) hyphenated to time of flight mass spectrometry (TOFMS) is 
currently the most powerful analytical tool to deliver outstanding peak capacity, increased 
sensitivity and reliable identification capabilities. 
In this investigation, GC×GC-TOFMS was applied to provide extensive detailed High 
Resolution Molecular Organic Geochemical (HRMOG) characterization of 20 Recôncavo 
Basin crude oils, based on the analysis of diamandoids, saturated hydrocarbons and aromatic 
compounds. Source, maturation and biodegradation parameters have been calculated based on 
GC×GC-TOFMS data, generating a large amount of results to be elaborated and cross-
evaluated. To further enhance the minor differences between the investigated oils, 
chemometric techniques have been applied. Principal component analysis (PCA) was able to 
distinguish 3 groups based mainly on thermal maturity (Figure 1B). The group marked in red, 
in the top-right square of the score plot, separated very well the oils 224, 253 and 263. Further 
investigations demonstrated that the diamandoid areas are the main responsible variables for 
the separation (Figure 1C) and correlations with vitrinite reflectance data allows interesting 
proposals for the migration of the oils. Statistical investigation on saturated biomarker 
compounds suggested new parameters that yield new grouping patterns for the studied 
samples. To exemplify, the β-carotane/hopane ratio was applied to separate samples in the 
central region (Figure 1D). Ongoing studies are trying to understand the meaning of this new 
parameter based on the geological knowledge of the Recôncavo Basin development. 
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Figure 1. (A) Recôncavo Basin map (Penteado & Behar, 2000). (B) PCA score plot, 
explaining 60% of the results, separate the 20 oil samples in 3 different groups. The PCA has 
been carried out using diamandoid, saturated hydrocarbon and aromatic biomarker ratio as 
variables. (C) Stigmastane vs. 3- + 4- methyldiamandoids plot. (D) Samples from the central 
region were distinguished from others by β-carotane content. 
 
These are clear examples of the powerful combination of advanced analytical 
techniques (GC×GC-TOFMS) and chemometrics fostering the development of HRMOG tools 
to approach Petroleum Systems evaluations. GC×GC provides a detailed separation of the 
complex mixtures, while TOFMS detection properly supports their identification. The large 
amount and quality of the obtained information and their treatment based on statistical 
approaches allow the isolation of the most significant variables able to differentiate samples 
considered to come from the same environments permitting further and more detailed 
investigations. 
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In Iraq, one of the most prolific petroleum provinces in the world, three petroleum 
systems are well established: (1) a Palaeozoic system in western Iraq, charging Paleozoic 
reservoirs from Lower Silurian hot shales, (2) a Jurassic and (3) a Cretaceous system, with the 
Mesozoic systems involving a total of 15 source rock formations consisting of shales, marls 
and limestones mainly charging Mesozoic and younger reservoirs in the Mesopotamian 
Foredeep Basin and the Zagros Fold Belt Zone. Many organic geochemical studies have been 
undertaken on particular fields or areas but only a few have considered the distribution and 
origin of hydrocarbons for the whole of Iraq (e.g. Alsharhan & Nairn, 1997; Aqrawi et al., 
2010). The aim of this study was to provide an integrated geochemical evaluation of oils and 
their source rocks on a broad regional basis for Iraq and extending into adjacent countries. 
Thus, over 180 publications were evaluated, available geochemical bulk and molecular data 
collected and combined into an integrated dataset for interpretation.  
The database was complex, containing data from many different sources, with little or 
no control on data quality. This, together with only sparse molecular data, gave significant 
difficulties in performing oil-oil and oil-source correlation. To make the best use of the 
available coherent data it was essential to combine them in novel ways, other than the 
established standard plots. In addition, many of the numerous source rocks in the area have 
rather similar geochemical characteristics (carbonate lithologies with kerogens variably rich 
in sulphur), further complicating the identification of source-related oil groups. However, use 
of both bulk and molecular parameters, combined with regional geological knowledge, 
allowed most of the oils and condensates in the regional database to be assigned to one of 14 
distinctive groups.  
The plot of δ13CSaturates vs. C27 steranes (Fig.1) shows oils from 10 of the different 
groups (distinguished using these and other parameters and plots). Group 1 oils (sourced from 
the Silurian Akkas Fm.) and Group 2 oils (from the Triassic Kurra Chine Fm.) are isotopically 
lighter than the oils sourced from Jurassic and Cretaceous source rocks (Groups 3-4mx, 4, 
5a,b,c,e & 6). The carbon isotopic composition of Group 9 oils (from the Paleogene Pabdeh 
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Fm.) is significantly heavier than those of the oils from older source rocks. These results are 
consistent with the known global carbon isotopic evolution through time. The sterane 
composition reveals subtle yet distinctive differences in the depositional environment of the 
Mesozoic source rocks. 
 
-32 -31 -30 -29 -28 -27 -26 -25
20
30
40
50
δ13CSaturates (‰)
%
C
27
 αβ
βs
te
ra
ne
s
Sourced from 
the Paleogene
Pabdeh Fm
Country
Iraq
Iran
Kuwait
Saudi Arabia
Syria
Oil Groups
1
2
3-4mx
4
5a
5b
5c
5e
6
9
Sourced from 
Jurassic and 
Cretaceous 
source rocks
Sourced from 
the Triassic 
Kurra Chine Fm
Sourced from 
the Silurian 
Akkas Fm
 
Figure 1. The plot δ13CSaturates vs. C27 steranes, one of several used to identify the 14 source-
related oil groups (only 10 shown here due to a lack of data). 
 
The 14 different oil groups show regional trends reflecting the diversity of source 
rocks that have contributed to the hydrocarbon accumulations in the area. These results 
facilitate the assessment of the petroleum system(s) in the relatively unexplored western parts 
of Iraq, and will help refine exploration focus in the Mesopotamian Foredeep Basin and 
Zagros Fold Belt Zone. 
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With declining reserves in the mature Gippsland Basin a better understanding of the 
source and migration of petroleum is required to assist exploration efforts. This study builds 
on biomarker analyses undertaken by Summons et al. (2002), which separated a comparable 
set of Gippsland crude oils into several oil families. In this paper a sub-set of these oils 
(members of the GA1 and GA2 families) from wells in the Central Deep are compared to two 
additional oils, Anemone-1A and Angler-1 from the southeastern part of the basin, and to 
source rock candidates from the Halibut and Golden Beach subgroups of the upper 
Cretaceous–Eocene Latrobe Group. Solvent extracts of 22 potential source rocks from the 
coastal plain Volador Formation (Halibut Subgroup) and the fluvio-lacustrine Chimaera 
Formation, and its marine equivalent Anemone Formation (Golden Beach Subgroup), were 
analysed for detailed biomarker distributions. Parameters derived from the distributions of 
regular isoprenoids, tri- and tetracyclic terpanes, hopanes, diahopanes, steranes, diasteranes, 
diterpanes and aromatic hydrocarbons, were investigated using multivariate statistics to 
provide further insights into the origin of the Gippsland oils. 
Biomarker characteristics of the oils and rock extracts indicate that the hydrocarbons 
originate from higher-plant organic matter deposited in oxic fluvio-deltaic environments. 
Hierarchical cluster analyses of 57 source variables distinguished five separate groups (Fig. 1). 
The genetic relationship previously identified between the GA1 and GA2 family oils is 
evident in the Group-1 oils. These oils are most proximal to their source kitchen. The 
Anemone-1A and Angler-1 oils show no correlation with the Group-1 oils. An affinity 
between the Angler-1 oil and mature shales from the Chimaera Formation (top T. lilliei spore-
pollen zone) is observed in Group-2, as evident from the high relative amounts of pristane 
(Pr/Ph = 4.3–6.0), diahopanes (C30*/C30  hopane = 0.25–0.32), tricyclic terpanes 
((C19+C20)/ C23 tricyclic terpanes = 4.2–7.3), oleanane (oleanane/C30  hopane = 0.07–0.12) 
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and C29 steranes (C29 regular steranes = 76–83%). A genetic relationship between the marine 
Anemone-1A oil and the thermally mature Anemone Formation (T. lilliei zone) rock extracts 
in Group-3 is indicated by low to moderate amounts of pristane (Pr/Ph = 2.7–4.8), diahopanes 
(C30*/C30  hopane  = 0.07–0.15), tricyclic terpanes ((C19+C20)/C23 tricyclic terpanes = 0.33–
3.2), C29 steranes (C29 regular steranes = 42–54%), 24-n-propylcholestanes, and the absence 
of oleanane. The marginally mature Anemone Formation shale extracts cluster together in 
Group-4, but maintain some correlation with the Group-3 oil and extracts. The early mature 
coal-rich extracts of the Volador (F. longus spore-pollen zone) and Chimaera formations 
cluster together in Group-5, pointing to the lack of a relationship with any oil. 
In summary, the Anemone-1A and Angler-1 oils are distinct from the Central Deep 
oils, appearing to be generated from carbonaceous shales within the Golden Beach Subgroup. 
The Group-1 oils do not correlate with the coal-rich extracts from the Volador Formation, 
instead showing some similarity to the Chimaera Formation rock extracts, inferring that 
undrilled deeper sediments, including those older than the Halibut Subgroup may be a 
significant source of petroleum within the basin. 
 
 
Figure 1. Dendrogram of hierarchical cluster analysis 
showing genetic groups of Gippsland Basin oils and 
rock extracts. CFSR = Chimaera Fm source rock extract, AFSR = Anemone Fm 
source rock extract and VFSR = Volador Fm source rock extract. GA1, GA2 = oil families 
after Summons et al., 2002. Source variables: 1. Pr/Ph, 2. C29Ts/(C29Ts+C29  hopane), 
3. C29*/C29  hopane, 4. C30*/C30 hopane, 5. C35/(C35+C34) homohopanes, 6. 
Homohopanes/C30  hopane, 7. Oleanane/C30  hopane, 8. C29  hopane/C30  
hopane, 9. C31  hopanes/C30  hopane, 10. C26/C25 tricyclic terpanes, 11. C23 tricyclic 
terpane/C30  hopane, 12. C24 tetracyclic terpane/C30 hopane, 13. C23/C21 tricyclic 
terpanes, 14. C23-26 /C19-21 tricyclic terpanes, 15. C24 tetracyclic/C26 tricyclic terpanes, 16. 
C24 tetracyclic/C23 tricyclic terpanes, 17. (C19+C20)/C23 tricyclic terpanes, 18. C24 
tetracyclic/(C24 tetracyclic + C23 tricyclic terpane), 19. C19/(C19+C23 tricyclic terpanes), 20. 
C29 steranes/C29  hopane, 21. C32 2Me/(C32 2Me + C31  hopanes), 22. C27  
steranes 20 S+R (%), 23. C28  steranes 20 S+R (%), 24. C29 steranes 20 S+R (%), 
25. C29 steranes 20 S+R /C27  steranes 20 S+R, 26. (C27 steranes+diasteranes) / 
(C29 steranes+diasteranes), 27. C27 regular steranes (%), 28. C28 regular steranes (%), 29. 
C29 regular steranes (%), 30. C27 diasterane 20 S+R (%), 31. C28  diasterane 20 S+R 
(%), 32. C29 diasterane 20 S+R (%), 33. C29 / C27 diasteranes, 34. C27+C28+C29  
diasteranes/(+ steranes), 35. Log (1,2,5-TMN/1,3,6-TMN), 36. Log (1,2,7-
TMN/1,3,7-TMN), 37. HPI ([i-HMN + Cadalene + Retene]/1367TeMN), 38. % i-HMN, 
39. % Cadalene, 40. % Retene, 41. HPP (Retene / (Retene + Cadalene)), 42. Log 1-MP/9-
MP, 43. Log (Retene/9-MP), 44. DBT/Phenanthrene, 45. 8(H)-Labdane (%), . 4(H)-
19- Norisopimarane (%), . Homobicyclane_a (%), . Rimuane (%), . 17-
Nortetracyclane (%), 50. ent-Beyerane (%), 51. Homobicyclane_b (%), 52. Isopimarane 
(%), 53. 16-Phyllocladane (%), 54. Homobicyclane_c (%), 55. Abietane (%), 56. 
16(H)-Kaurane (%) and 57. Cyclosecoatisane (%). TMN = Trimethylnaphthalene, HPI = 
Higher plant index, i-HMN = iso-Hexylmehtylnaphthalene, HPP = Higher plant parameter, 
TeMN = Tetramethylnaphthalene, MP = Methylphenanthrene, DBT = Dibenzothiophene. 
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IN-SITU PRODUCTION OF BRANCHED GLYCEROL DIALKYL GLYCEROL 
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Branched glycerol dialkyl glycerol tetraethers (B-GDGTs) are non-isoprenoidal 
GDGTs containing 13,16-dimethyl or 5,13,16-trimethyl octacosanyl moieties that were 
primarily identified in peats, coastal marine and lake sediments (Sinninghe Damsté et al., 
2000). The 1,2-di-O-alkyl-sn-glycerol configuration of B-GDGTs indicates their possibly 
bacterial rather than archaeal origin (Sinninghe Damsté et al., 2000; Weijers et al., 2006). 
Despite their dominant terrestrial origin in coastal areas and unknown biological origin, the 
source and molecular structure of B-GDGTs in marine sediments has been known to be 
complex. 
Beyond the well-known B-GDGTs, newly identified B-GDGTs with both higher and 
lower degree of methylation, named overly branched (OB-GDGTs) and sparsely branched 
GDGTs (SB-GDGTs), respectively, were shown to be prominent in marine sediments (Liu et 
al., 2012). To further explore their sources in marine environments, GDGT composition in 
suspended particles collected from two marine anoxic basins, the Black Sea and Cariaco 
Basin, was analysed. The lipids distribution profile showed enhanced OB-, B- and SB-
GDGTs abundance in deep anoxic water column (Fig. 1) strongly suggesting unambiguous 
in-situ contribution from unidentified planktonic microbes. In addition to the peak in absolute 
abundance in deep water column, the compound distribution within each lipid group co-
varied with redox conditions. The degree of methylation of OB-, B- and SB-GDGTs, 
demonstrated as Methylation Index, increased dramatically from the surface water into the 
deep anoxic layer (Fig. 1).  
The in-situ production and increasing methylation in anoxic marine water column 
implied great proxy potential of OB-, B- and SB-GDGTs to reconstruct past marine redox 
condition. Moreover, as phylogenetic biomarkers, especially, OB-GDGTs may provide a 
molecular tool of discovering the widespread but yet unknown planktonic anaerobes that 
might play important ecological roles in anoxic marine waters.  
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Figure 1. Depth profiles showing the redox condition and lipids distribution in the Black Sea 
water column. (OB+B+SB)/iso is the ratio of OB-, B- and SB-GDGTs vs. isoprenoidal 
GDGTs. Methylation Index is the total methylation degree of OB-, B- and SB-GDGTs. 
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VERTICAL AND SPATIAL DISTRIBUTION OF INTACT AND CORE ARCHAEAL 
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The index of tetraethers consisting of 86–carbon atoms (TEX86) derived from archaeal 
glycerol dialkyl glycerol tetraether lipids (GDGTs) has become an important 
paleoceanographic tool for reconstructing past sea surface temperatures (SST) using 
sedimentary records (Schouten et al., 2012a).  For example, its application in black shales 
deposited during Cretaceous oceanic anoxic events (OAEs) has allowed the reconstruction of 
greenhouse conditions in settings where carbonates are lacking (Sinninghé Damste et al., 
2010). However, TEX86 typically yields warmer SSTs than as derived from 
paleothermometers based on the isotopic and elemental composition of calcifying organisms 
(Hollis et al., 2012).  Moreover, reconstructed latitudinal SST gradients between low- and 
high-latitude regions based on TEX86 are too small, and at odds with climate models for 
greenhouse conditions (Hollis et al., 2012).  This may imply that: (a) the TEX86 proxy is also 
influenced by factors others than SST alone; (b) Earth's climate sensitivity to CO2 forcing is 
higher than currently assumed.  As for the former, it has been shown that the distribution of 
GDGTs in marine oxygen minimum zones (OMZs) exhibits marked differences with water 
depth and oxygen content (Huguet et al., 2007; Schouten et al., 2012b).  Remarkably, TEX86 
values obtained from subsurface, oxygen-depleted waters yield warmer temperatures than in 
situ measurements (Schouten et al., 2012b).  This suggests that the environmental conditions 
associated with oxygen depletion may play an important role controlling the distribution of 
GDGTs reaching surface sediments in highly productive upwelling systems.  If true, there 
may be important implications for the interpretation of SSTs during OAEs.  
We studied the vertical and latitudinal abundance and distribution of GDGTs (intact 
and core) found in water column and sediment samples from the highly productive Humboldt 
Current System of northern Chile.  We test the hypothesis that GDGTs produced in 
subsurface waters affected by intense oxygen-depletion are the main sources of GDGTs 
preserved in underlying surface sediments.  The sampling area follows a latitudinal gradient 
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of oxygenation over the continental slope off the coast of the hyperarid Atacama Desert: from 
a permanent and strong OMZ in the northernmost part (~18ºS), to a permanent although 
thinner and weaker OMZ in the southernmost extreme (~27ºS).  Our samples included four 
vertical profiles of varying resolution as well as surface sediments. 
The concentration of core GDGTs in water column samples from the northernmost 
station with the strongest OMZ exhibited more elevated values in subsurface, oxygen-
depleted waters (30-200 m) compared to oxygenated waters at the surface (~5 m) and at 1900 
m.  Maximum concentrations were found within the chemocline (30-40 m).  The TEX86-SST 
derived from surface waters matched in situ temperatures. However, the TEX86 from deeper 
samples showed a constant increase with depth down to 200 m, and it consistently yielded 
more elevated temperatures than in situ measurements.  The narrow range of TEX86 values 
obtained from underlying surface sediments did not match the in situ and TEX86-derived SST. 
Remarkably, TEX86 in surface sediments better matched with values obtained from the lower 
chemocline (40 m) and uppermost part of the OMZ (65 m), where elevated GDGT 
concentrations were observed.  Our results suggest that TEX86-SSTs derived from surface 
sediments underlying the OMZ of northern Chile are strongly influenced by the contribution 
of GDGTs produced within OMZ waters, thus yielding warmer SST values.  The 
biogeochemical conditions associated with OMZs evidently influence the distribution of 
GDGTs and we discuss the implications for the interpretation of SST records during OAEs in 
the geological record.  
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PAH SOURCE RATIOS REVISITED: REVIEW OF EXISTING RATIOS AND 
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One of the biggest challenges in environmental PAH fate and effect studies is 
separating anthropogenic pollution inputs from the often appreciable background of PAHs 
from natural petroleum inputs and forest and grass fires.  In 2002 we demonstrated that 
combustion products of petroleum, liquid fossil fuel and 
biomass/solid fuel (wood/grass/coal) can be distinguished for 
PAHs with large Hf differences between isomers (Yunker et 
al., 2002).  The numerous citations of this paper (~800 in 
Scopus) indicate the large and growing interest in applying 
PAH ratio data to a variety of environmental problems.  This 
highlights the importance and utility of establishing indicator 
boundaries over a wider geographical and geochemical range.   
Here we have doubled the number of literature PAH 
samples of Yunker et al. (2002) by including new papers and 
expanded the compilation to include new PAHs such as 
benzo[b/j/k]fluoranthene and benzo[e]pyrene.  Frequency 
distributions (histogram interval 0.015 with a three-point 
moving average to smooth spikes) for two key parent PAH 
ratios for petroleum, liquid fuel combustion and biomass/solid 
fuel combustion sources are shown in the figure on the left.   
While source types clearly extend beyond defined 
source boundaries (vertical dashed lines), the expanded 
literature data set clearly supports the previously defined 
liquid fuel to biomass/solid fuel combustion boundaries of 
0.50, while the position and width of the liquid fuel combustion distribution suggest that the 
lower boundary for Fl/(Fl + Py) ratios could be moved from 0.40 to 0.35, but the lower 
boundary of 0.20 for IP/(IP + BgP) should be retained as previously defined.  Frequency 
distributions for other ratios all support the current boundaries, and the new BF/(BF + BeP) 
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ratio for benzo[b/j/k]fluoranthene to benzo[e]pyrene looks quite promising (not shown).   
Sediment PAHs in the Arctic Ocean comprise a two component mixture of biomass 
(wood/grass) combustion and petrogenic material (principally eroded immature coals) 
delivered from the margins, with negligible 
anthropogenic inputs (Yunker et al., 2011).  PAH 
ratios are highly correlated over a wide range, so that 
the Arctic Ocean sediments can be used to calibrate 
source ratios for PAHs with no source information.  
IC/(IC +BgP), with predicted source boundaries of 0.1 
and 0.3 in the top plot on the right, has the highest 
values in glacial sediments, suggesting that it is a 
marker for grass combustion from the grasslands that 
were widespread in the Pleistocene.   
We can now use the large Fraser River/coastal 
B.C. data set (Yunker et al., 2002; 2012) to 
corroborate new PAH source ratio boundaries and 
better interpret the PAH source regime in B.C.  PAH 
ratio and concentration data reveal the Fraser River 
basin and coastal sediments to be lightly impacted by 
anthropogenic inputs in remote regions, but heavily 
impacted in urban areas, particularly near Vancouver.  
The example on the lower right shows that IC is present in similar proportions to sediments in 
the Arctic Ocean but the region has higher amounts of IP, suggesting larger amounts of 
biomass combustion from forest fires, likely at high temperature (Denis et al., 2012). 
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COMPOUNDS IN THE POSIDONIA SHALE OF THE HILS SYNCLINE IN 
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The Lower Toarcian Posidonia Shale is one of the most widespread and economically 
important oil source rocks in Western Europe. This black carbonate-rich shale sequence 
occurs with thicknesses of 10 to 100 m and shows a TOC content up to 18% (Küspert, 1982). 
The present study investigates the maturity-controlled distribution of polar heterocompounds 
in rock extracts from a well-defined maturity sequence of Posidonia Shales from the Hils 
Syncline which can be considered as an ideal case history for studying phenomena associated 
with the generation and migration of petroleum. Six shallow-hole cores have been taken along 
a 50 km southeast-northwest profile. The thermal maturity of the sedimented organic matter 
increases from 0.48 to 1.45% R0 from southeast to northwest. Previously, the influence of this 
increase in maturity on aromatic hydrocarbons such as alkylphenanthrenes (Radke et al., 
1986) as well as certain aromatic heterocompounds of varying polarity like dibenzothiophenes 
(Radke et al., 1994), fluoren-9-ones and carbazoles (Clegg et al.,1997, Wilkes et al., 1998) 
has been revealed in detail. Here, total rock extracts have been investigated by direct infusion 
electrospray ionization experiments with Fourier transform-ion cyclotron resonance-mass 
spectrometry (FT-ICR-MS). Broadband spectra for a mass range of m/z 200 – 2000 were 
recorded with a 12-Tesla-Instrument using negative and positive electrospray ionization. 
In negative ESI mode, a significant increase and compositional change of 
heterocompounds containing one nitrogen atom was observed with increasing maturity. The 
relative amounts of dibenzo-/naphthocarbazoles and benzonaphthocarbazoles compared to 
those of the carbazoles and benzocarbazoles increased with increasing maturity (Fig. 1) which 
is well in agreement with previous results from GC-MS (Wilkes et al., 1998). For the N1O1 
class, compounds with 15 and 18 double bond equivalents (DBE) became relatively enriched 
during maturation, as well. We propose a combined carbazole-fluorenone structure for these 
N1O1 compounds in accordance with the carbon number distribution, the DBE distribution 
analogy between the N1 and N1O1 class and the fact that the concentration of fluoren-9-ones 
increases in the Posidonia shale with increasing maturity (Wilkes et al., 1998). In addition, 
N1S1 compounds are formed during maturation, which are assumed to have thiophene and 
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indole/carbazole structural subunits with DBE maxima at 14, 17 and 20. It is evident, that 
direct genetic links exist between the different types of polar compounds detected. In this 
presentation we will demonstrate how detailed FT-ICR-MS investigations may be used to 
construct reaction networks describing the maturity-controlled transformation of organic 
matter in petroleum source rocks. 
 
Figure 1. Changes of relative amounts of the N1 compound class and relative amounts and 
distribution of DBE classes of carbazole-related compounds with increasing maturity. 
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Recent studies have demonstrated that residual organic matter (OM) exhibits 
micrometer to nanometer size pores in most worldwide gas shale plays (e.g. Curtis et al., 2012; 
Loucks et al., 2009; 2012; Slatt and O'Brien, 2011; Chalmers et al., 2012; Bernard et al., 
2012). However, further efforts are still needed to better understand and describe the organic 
porosity creation within these complex source rocks. In order to evaluate the kerogen pore 
system in source rocks as a function of thermal maturity, we performed on the Mississippian 
Barnett Shale samples an integrated study determining the OM properties of kerogen-rich 
mudrocks (e.g. maturity, TOC content, OM type) by Rock-Eval pyrolysis, organic 
petrography and Raman spectroscopy as well as the kerogen porous network attributes (e.g. 
pore size distribution, surface area, aromatic carbon layers dispositions) by low-pressure gas 
adsorption analyses and interpretation of images obtained by high-resolution transmission 
electron microscopy (HRTEM).  
For bulk-rock and isolated kerogen samples, the full width at half maximum of the 
Raman D1 and G bands (FWHM-D1; FWHM-G) and the ID1/IG intensity ratio decrease with 
thermal maturity (expressed in terms of vitrinite reflectance and Tmax values which range 
between 0.6-1.4 % VRr, 415-546 °C, respectively). These Raman parameters, which are 
typically applied for graphitization range, are also sensitive to carbonization processes. They 
appear here to be pertinent indicators of kerogen thermal maturation and they can be used to 
characterize disordered carbon material in the carbonization field. However, we found for 
some Raman parameters evolution (for instance in the FWHM-D1 vs. ID1/IG diagram), that 
Barnett samples do not follow the well-defined carbonization trend as most of the other 
previously investigated natural or artificial carbon material (Rouzaud et al., 2012). This 
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behavior is probably due to the presence of some heavy hydrocarbon (HC) within the residual 
OM. 
Low pressure gas adsorption analysis was carried out on Barnett kerogens to measure 
the BET specific surface area using N2 at 77K. We determined a positive correlation between 
N2 BET surface area and increasing thermal maturity whereas no relationship exists between 
TOC and N2 BET surface area. N2 adsorption isotherm results indicate that gas adsorption 
increases with thermal maturity and gas is probably stored by solution in matrix solid bitumen 
which was clearly detected in samples of oil and gas window maturity. It should be noted that 
low-pressure N2 sorption is mainly suitable for the mesoporous (2-50 nm) range (Sing, 1998). 
Finally, HRTEM images reveal that kerogens are disordered carbons, especially for 
the less mature one. However, the disorientation of nanometre-sized polyaromatic layers 
(forming Basic Structural Units BSU) are responsible for a micro-mesoporosity which is more 
developed for samples of gas window maturity. The HC trapping mechanism within such 
organic porous network is a major key-point for estimating the oil and gas in-place at the 
basin scale. 
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Unconventional petroleum resources such as shale oil, shale gas, tight oil and tight gas 
bring a set of complex geochemical challenges which are distinct from those related to 
conventional systems. It is now fundamentally necessary to predict the quantity and quality of 
fluids retained in source rocks with much greater precision and over a much greater range of 
maturity. Since shales are both nanoporous and heterogeneous, geochemical processes at and 
close to interfaces – such as sorption, wettability and capillary condensation - are highly 
relevant to how fluids are stored and produced. Because NSO-containing polar compounds in 
the organic matrix of many tight oil / shale oil systems play a critical role in reservoir 
wettability and oil mobility, it is important to develop a sound knowledge of the class type 
distribution of these compounds in hydrocarbon fluids generated within the shales at different 
maturity levels. It is in this context that we report here the preliminary results of polar 
compound distributions in expelled oils generated from laboratory artificial maturation of an 
Eocene lacustrine silty shale, as revealed by negative-ion electrospray ionization (ESI) 
Fourier Transform Ion Cyclotron Mass Spectrometry (ESI FT-ICR MS). 
The silty shale sample used in this study was collected from Huadian Mine, Jilin, 
China. It contains 0.89% TOC, with a vitrinite reflectance value around 0.46% Ro. Its low 
hydrogen index value (130 mg HC/g TOC) is consistent with a type III organic matter. The 
lithology and position of this sample within the studied stratigraphic sequence indicate a 
likely candidate for tight oil/shale oil reservoir. Closed system hydrous pyrolysis of the 
sample was carried out using the DK-ⅡSimulator. The sample was progressively heated from 
room temperature to 12 different final temperatures (ranging from 250 to 400 oC). In each 
case the temperature was ramped at 1 oC/ min to reach the final temperature, hold at the final 
temperature for 48 h, and then cooled down to 150oC to collect the expelled oil. A total of 12 
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expelled oils representing oils generated at different thermal maturity levels were collected, 
deasphaltened and then fractionated into saturate, aromatic hydrocarbons and polar fraction. 
The polar fractions were characterized by negative-ion ESI FT-ICR MS. 
The acidic heteroatom species in the expelled oils were largely N1Ox and the Ox (x 
=1-6) classes, with the O1, O2 and O3 classes being the most abundant. Such a distribution is 
similar to those in the pyrolysates of biosynthetic fuels using substrates from a red pine, 
indicating that the high abundance of multi-oxygen containing species were largely derived 
from terrigenic higher plant input. Fig. 1b shows the iso-abundance plots of DBE 
(double-bond equivalent) versus carbon number of O2 class species in the polar fractions of 
seven representative pyrolysates. The size of circles corresponds to the relative abundance of 
O2 species in the spectra. The O2 class species in the polar fraction correspond to carboxylic 
acids, as the acid species in crude oil can be easily detected by negative-ion ESI FT-ICR MS. 
It is important to observe clear differences in the major acid species (O2 class) for the 
pyrolysates representing different thermal maturation stages. At low maturity level (early oil 
window), fatty acids (DBE=1) were the most abundant species. Within the main oil window,   
naphthenic acids and aromatic acids dominated. At higher maturity levels, most of the acidic 
species underwent thermal cracking and aromatization reactions, thus only the O2 class with 
short chain and high DBE value (aromatic acids) were detected. The results, once validated 
from natural sample sequence, have clear implications in geochemical processes at and close 
to interfaces, and may exert significant controls on how hydrocarbon fluids are stored in and 
produced from tight oil/shale oil reservoirs.  
Figure 1. Iso-abundance plots of DBE versus carbon number of O2 class species in the polar 
fractions of seven pyrolysates of an Eocene silty shale from Huadian, China. 
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Tracking the evolutionary history of Earth's ocean redox state is key to understanding 
biogeochemical responses to changing climatic forcing and possible future outcomes for 
modern changes in ocean chemistry. A number of geochemical tools have been developed for 
reconstructing ancient redox conditions from sedimentary records. Among them, aromatic 
carotenoids derived from photosynthetic green and purple sulfur bacteria have become a 
particularly powerful tool for identifying past intervals of photic zone euxinia (PZE). Multiple 
biological or diagenetic sources can complicate paleoenvironmental interpretation of these 
geomolecules. Accordingly, past work has focused on documenting the diversity of 
sedimentary aromatic carotenoids, their diagenetic pathways and derivatives, additional 
biological sources in modern taxa, and their occurrence during past anoxic intervals (e.g. 1-4). 
However, the secular distribution of C40 diaromatic, monoaromatic, and monoaromatic 
bicyclic compounds on geologic timescales is currently not well constrained. Assessing the 
occurrence and distribution of these molecules through geologic time will strengthen their 
robustness as proxies for PZE and will shed light on the frequency and intensity of PZE 
though Earth history.  For this purpose, we applied gas chromatography – mass spectrometry 
(GC-MS) using both metastable reaction monitoring (MRM) and triple quadrupole (QQQ) 
mass analyzers to study the distribution of aromatic carotenoids in a diverse set of rock 
extracts and petroleum samples through key intervals of geologic time.  
Okenane, a reduced monoaromatic C40 carotenoid indicative of planktonic purple–
sulfur bacteria, has previously only been detected in the 1.6 Ga Paleoproterozoic Barney 
Creek Formation (BCF) and in Cenozoic lacustrine deposits (3, 5). We report the presence of 
okenane in numerous younger marine rocks and oils from the Mesozoic and Cenozoic. These 
samples also contained a suite of the more commonly reported C40 carotenoids, such as 
isorenieratane, chlorobactane, β-isorenieratane, and β-renierapurpane, providing evidence for 
ubiquitous input of both green– and purple–sulfur bacteria. Okenane was identified as the 
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second peak in a doublet in the 554 -->134 MRM/QQQ transition, and its identification was 
confirmed by co-elution experiments with a synthetic standard and a sediment extract from 
the BCF. While this appears to be the first report of the occurrence of okenane in marine 
samples younger than 1.64 Ga, an earlier study of Toarcian samples reported finding 
renieratane, renierapurpane, and β-renierapurpane, which are hypothesized to have a purple 
sulfur bacteria source (2).  
The discovery of okenane in Phanerozoic marine samples stimulates a number of 
questions regarding the sulfide concentrations and light requirements of purple sulfur bacteria 
given their modern distribution (depths <24 m; 2) and Phanerozoic pO2 estimates. 
Alternatively, is okenone produced solely by planktonic Chromataceae, or are there additional 
sources such as benthic microbial mats? Is there a physical oceanographic phenomenon that 
can generate euxinic waters, at least intermittently, at such shallow depths in marine 
environments despite abundant atmospheric oxygen? 
The C40 diaromatic carotenoid paleorenieratane is thought to be limited to the 
Devonian (6, 7). As a result, this compound has been used as a diagnostic marker for a 
Devonian sources. The biological precursor and source are unknown, although Chlorobiaceae 
have been suggested. Here, we report this compound in a set of samples spanning the 
Neoproterozoic to Paleogene. 
Our study has improved the utility of MRM and QQQ for the identification of this 
compound class in sedimentary rocks and oils. The analysis of a diverse set of geological 
samples demonstrated that some carotenoids occur more frequently than previously thought.  
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Stable isotopes of carbon (δ13C) and nitrogen (δ15N) of tissues of organisms have 
become widely used tools in biogeochemical and ecological applications. For food web 
studies, however, one caveat is the influence of 13C depleted lipids (DeNiro and Epstein, 
1977) on the overall dietary signal in tissue with either high or highly variable lipid content, 
and lipids are therefore commonly removed from tissue prior to stable isotope analysis. 
However, several studies have shown that removal of lipids from bulk tissue also results in a  
change in the δ15N signal of the tissue, although the cause for this is unknown (e.g. Boecklen 
et al., 2011).  
In this study we have investigated the effects of lipid extraction on tissue from several 
species of fish and benthic organisms by measuring the δ15N signal in the total lipid extract 
(TLE), as well as in unextracted (bulk) and extracted tissue (Table 1). With the exception of 
the lugworm (Arenicola marina), extracted tissues were always enriched in 15N by 0.2 – 1‰ 
compared to bulk tissue, indicating the removal of a 15N-depleted pool of nitrogen during 
lipid extraction. This is confirmed by the δ15N signal in the TLE fraction, which is 
substantially depleted in 15N compared to bulk tissue (2 – 14‰; Table 1). 
Table 1. Average δ15N values for bulk and extracted tissue, and lipid extract of species 
    δ15N
     bulk extracted  TLE 
Salmo trutta (muscle)  Brown trout  15.7 16.2 6.3 
Salmo trutta (gill)  15.5 15.9 9.1 
Alosa fallax (muscle)  Twaite shad  16.5 17.3 3.4 
Alosa fallax (gill)  15.7 15.9 6.8 
Clupea harengus (muscle)  Atlantic 
herring 
12.7 13.5 2.4 
Clupea harengus (gill)  11.7 12.3 5.0 
Arenicola marina  Lugworm 10.3 9.2 8.2 
Cerastoderma edule  Cockle 11.9 12.0 7.0 
Crassostrea gigas  Pacific oyster 12.3 13.4 6.5 
Carcinus maenas  Crab 14.3 14.7 8.2 
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To determine the source of the 15N-depleted nitrogen in the TLE, we analysed the 
intact polar lipid (IPL) content of the TLE using HPLC/ESI-MS2. We found that the majority 
of IPLs extracted from all species, fish and benthic organisms, were fatty acid glycerides with 
a phosphatidylcholine (PC) headgroup, with minor amounts of fatty acid glycerides with a 
phosphatidylethanolamine (PE) headgroup present in some species. As both types of IPLs 
have nitrogen-containing headgroups it seems that 15N-depleted TLE is due to a strong 15N-
depletion in the N-containing headgroups of IPLs. To confirm this observation, a method for 
the compound specific δ15N analysis of IPLs is being developed. First results show that N-
containing headgroups of IPLs can be converted into compounds amenable to compound 
specific 15N analysis (Fig. 1). The new method could also provide valuable information on the 
15N signature of specific microbes by targeting IPLs characteristic for these microbes. 
 
Figure 1. Gas chromatogram of pivaloyl-chloride derivatized headgroup and glycerol chain of 
a diacylglycerophosphoethanolamine (PE) standard. 
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Glycerol-based intact polar lipids (IPL) and core lipids are valuable biomarkers for 
studying modern and ancient environments and microbial communities. Conventionally, IPLs 
and core ether lipids are separated on normal-phase columns and ionized by electrospray 
ionization (ESI) and atmospheric pressure chemical ionization (APCI), respectively (e.g., refs. 
[1, 2]). However, the respective analytical protocols have been only slightly modified during 
the past decade and several chromatographic limitations have become apparent.  
Recently, we developed novel methods for analysis of environmental IPLs and core 
lipids to overcome these shortcomings. In addition to smaller particle size columns, our new 
protocols employ alternative stationary phases such as reversed phase (RP) or hydrophilic 
interaction liquid chromatography (HILIC) for analysis of IPLs (refs. [3, 4]) or ether core 
lipids (ref. [5]). The IPL-HILIC method offers separation according to lipid classes similar to 
the diol column and thus is especially recommended for lipid fingerprinting, whereas the two 
methods based on RP separation offer the attractive possibility to analyze IPLs and core lipids 
simultaneously. This mode is especially suitable for separation of compounds based on side 
chain length, degree of saturation and/or presence of acyl/ether bonds and allows explicit 
determination of the widely used core lipid-based proxies such as TEX86 and ring index in 
specific IPLs. The novel method for ether core lipid analysis provides superior 
chromatographic separation of microbial di- and tetraether core lipids, including previously 
co-eluting isomers of GDGTs, and allows a more complete exploration of the distribution of 
these lipids in the environment.  
We have applied the new methods to analysis of a sample set of pure archaeal and 
bacterial cultures and environmental samples including microbial mats, oxic and anoxic water 
column, and shallow and deeply buried sediments with vastly differing environmental 
conditions. The novel modes of lipid separation with up to tenfold increased sensitivity led to 
the identification and detailed mass spectrometric characterization of multiple series of novel 
compounds such as GDGTs containing double bonds or additional carbon atoms in their core 
structure and allowed direct calculation of IPL-specific TEX86 and ring index, providing new 
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insights into diagenetic and biological mechanisms inherent to these proxies. Our results are 
an important first step towards a new generation of methods that will lead to a more complete 
understanding of the role of microbial communities in past and present ecosystems. The 
presentation will provide an overview of these separations and of related applications.  
 
Table 1. Advantage of novel methods for analysis of IPLs and ether core lipids. 
Method Strength 
HILIC 
(Wörmer et al.) 
 Fingerprinting of archaeal and bacterial/eukaryotal IPLs, no 
discrimination against less polar IPLs (e.g., 1G-GDGTs) 
 High chromatographic resolving power and improved sensitivity 
 Separation of IPLs according to polar head group 
RP-1 
(Wörmer et al.) 
 Ideal for quantification of archaeal lipids, simultaneous detection of 
IPLs and core lipids, improved detection of less polar IPLs 
 High chromatographic resolving power and improved sensitivity 
 Separation according to side chain structure (e.g., length, 
unsaturation) 
RP-2 
(Zhu et al.) 
 Ideal for separation of intact and core GDGTs with different number 
of rings or double bonds in their core structure 
 Determination of IPL-specific TEX86 and ring index 
 Soft ionization of labile core lipids such as hydroxy-archaeol 
Core lipid 
(Becker et al.) 
 Ideal for fingerprinting of ether core lipids 
 High chromatographic resolving power (e.g., previously co-eluting 
isomers of GDGTs) and improved sensitivity 
 Wide analytical window including all environmental ether core lipids 
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Three samples of Ag2S precipitated from H2S were recovered from SER and BVS 
well heads located in the Potiguar Basin, northwestern Brazil with the objective of identify 
the origin of this gas. The Potiguar basin is a rift basin that evolved to a passive margin after 
the break-up of the African and South American continents in the Early Cretaceous.  
During more than 30 years of exploration activities in the basin, various studies were 
performed aiming at the identification of different hydrocarbons families and their spatial 
relationship within petroleum systems. However, systematic information about the origin of 
H2S has not been possible until recently when started routine analysis of sulphur isotopes in 
the geochemistry lab of Petrobras R&D Center.  
High concentrations of H2S are dangerous to life and for the safety of production 
systems. This way, when this gas is detected it becomes as important as hydrocarbons 
regarding to trace its origin. Values up to 10,000 ppm(v) were measured in these two well 
heads. To avoid H2S unwanted reaction after sampling, the gas was precipitated by Ag2S and 
the safety transport was guaranteed. The Ag2S sulphur isotopic ratios were measured using 
standard methods in our laboratories and S-isotopic ratios are represented by delta notation, 
δ=(Rspl/Rstd)-1, where R is the 34S/32S for the sample (spl) and for the standard (std). Results 
are referred in parts per mil relative to the international standard CDT. 
The δ34S values measured for the H2S were +20.6 and + 21‰ for the samples 
recovered in SER well, and +23.2‰ for the sample from BVS well. In both cases 34S/32S 
isotopic are typical of TSR (Thermochemical Sulphate Reduction). Reservoir temperatures 
are 123.26ºF in SER and 160ºF in BVS. In both cases such temperatures are lower than the 
minimum required to trigger TSR (> ~248ºF, Machel et al., 1995). Oils in SER reservoir 
show biodegradation level PM2 and in the gas fraction, methane C-isotopic composition is 
relatively enriched in 12C, suggesting addition of isotopically lighter CH4, while the oil and 
gas sample recovered in BVS have shown high thermal evolution. Considering that TSR does 
not occur at temperatures in the reservoir sampled at SER and BVS, it is likely that the H2S 
was generated in deeper parts of the basin, e.g. oil kitchen, and migrated to shallower 
reservoirs sharing with hydrocarbons the pore space. Geological evidence also corroborate 
that the areas of SER and BVS have never reached deeper (hotter) conditions in the past 
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(Mello, 1987). Alagamar Formation (Aptian) the only interval within the basin evaporites 
(Vasconcelos, 1985) seems to be the sulfur source for TSR. 
The integrated use of δ34S of H2S (precipitated), geochemical and geological data 
allowed a reliable interpretation about the origin and the fate of H2S in the Potiguar Basin.  
 
Figure 1. (a) Gas Chromatograms of three oils samples. (b) Carbon isotopic profile of the C1-
C4 fraction. Notice the enrichment 12C in the gas from SER suggesting addition of light CH4, 
possibly from biodegradation process. (c) Schematic model proposed for generation and long 
distance H2S migration in the basin. 
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Organic sulphur compounds are known to influence the thermal stability of sulphur-
rich kerogen. The weaker bonding energies of C-S as well as S-S in regards to C-C bonds 
require lower temperatures to initiate cracking reactions. This is thought to explain the early 
generation of heavy oil from sulphur rich source-rocks. In sulphur rich petroleum similar 
kinetic effect can be considered since similar organic sulphur compounds are present. 
Additionally, a major sulphur compound generated by source-rocks or present in sulphur rich 
petroleum reservoirs has always been ignored from the reaction schemes, namely H2S. 
Besides of rare papers dealing with TSR (Zhang et al., 2008; Song and Wang, 2012), H2S is 
always considered as an end-product of reactions (either of kerogen cracking, TSR or BSR) 
and not as a possible reactant with hydrocarbons. 
The objective of our research is to study the kinetic effects of sulphur compounds and 
especially H2S on the thermal stability of hydrocarbons. Including H2S as a reactant in the 
kinetic schemes of oil generation and petroleum cracking may have significant impact on 
petroleum generation models, petroleum thermal stability evaluation, H2S risk calculations 
during heavy oil recovery or H2S sequestration in depleted petroleum reservoirs. 
 In order to demonstrate the reactivity of H2S in presence of hydrocarbons and to 
understand its kinetic effects we performed artificial maturation. H2S was pyrolyzed in gold 
cells under high pressure in the presence of petroleum, aromatic as well as aliphatic 
hydrocarbons. The study of n-octane in presence of H2S was performed in details in order to 
build a kinetic model based on radical elementary reactions (Nguyen et al., 2012). 
Experimental results obtained by pyrolysis of a n-octane-H2S mixture at 330°C and 350°C, 
under 700 bar pressure demonstrate an inhibition effect of H2S on the conversion of n-octane. 
The inhibition factor (IF=conversion of n-octane pyrolyzed pure/conversion of n-octane 
pyrolyzed with H2S) was used to quantify kinetic effects of H2S on n-octane cracking. Figure 
1 shows the evolution of the inhibition factor calculated for an n-octane conversion of 5% in 
the 150-400°C temperature range. At T>320°C, IF values are slightly higher than 1, 
indicating a minor inhibition effect. Yet, when temperature decreases to 150°C, the 
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extrapolation of the model shows a dramatic decrease of IF, indicating a significant 
acceleration effect on the cracking of n-octane. Thus, H2S will have two kinetic roles on n-
octane cracking: for temperatures higher than 320°C, H2S produces a weak inhibition effect; 
at temperatures typical of reservoir conditions, H2S will act as an accelerator.  
In addition to the kinetic study, the model allows to evidence two different reaction 
pathways for sulphur: at low temperature (200°C) sulphur compounds are preferential 
reaction products, while at high temperature (350°C) hydrocarbons are dominant. The 
experimental results as well as the model therefore contribute to understand the fate of 
organic sulphur in reservoir: formation of H2S and labile sulphur compounds, formation of 
more stable aromatic sulphur compounds, sequestration of sulphur in pyrobitumen. 
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Figure 1. The Inhibition Factor (I.F.) versus temperature simulated for n-octane conversion of 
5% in a 80% n-octane/ 20% H2S molar mixture (logarithmic scale). 
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As operators drill deeper into higher pressures and temperatures as well as begin 
exploiting resource plays such as gas shale and liquid rich shale, the concentrations of gas 
contaminants such as H2S and CO2 become more and more important, especially in low cost 
developments.  Given the HPHT environments currently being explored (e.g., >15000 psi), 
only small quantities of H2S (>3-4 ppm) are needed to cross the threshold for deployment of 
significantly more costly metal chrome alloys essential to avoid corrosion and failure.  Thus, 
getting an accurate measure of the concentration, understanding the source, mechanism of 
formation and distribution of H2S becomes critical, especially in low concentration regimes.   
To understand the source of H2S, sulphur isotope mapping of pyrite, organic sulphur, 
anhydrite and H2S is crucial.  This paper discusses a case study of a discovered field where 
low level H2S (25-40 ppm) is present in the hydrocarbon accumulation along with pyrite, 
anhydrite and pyrobitumen in the reservoir rock.  Reservoir temperature is well above the 
thermal chemical sulphate reduction (TSR) threshold of 140°C, so it was initial speculation 
that the pyrobitumen and H2S were most likely due to TSR.  However, petrographic 
inspection of the anhydrite showed little corrosion or replacement with carbonate, and the 
pyrobitumen showed no telltale signs of TSR.  Proper planning and novel techniques for the 
sampling of the reservoir fluid, preservation of the H2S and analysis of the 34S values for 
H2S are described along with the business impact of the results. 
For the open hole sampling, the methods described in detail by Hashem et al. (2007) 
were utilized so as to preserve as much of the H2S in the samples as possible without loss to 
the tools’ pumps, flow lines and seals.  Additionally, the well was drilled with synthetic oil 
based mud, so criteria needed to be established and agreed with all stakeholders (e.g., drilling 
superintendent, operational staff, and engineers) for acquisition of high quality fluid samples 
with oil base mud contamination <5%.  In the end, the reservoir fluid samples had <3% OBM 
contamination, and onsite analysis of the reservoir fluid indicated roughly 15 ppm H2S 
indicating at least 100L of stock tank gas would be needed for preparation of the IsoTrap 
sampling device designed by Isotech Labs, Inc.  The IsoTrap was designed as a solution to get 
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sulphur isotope data from H2S in natural gas, and eliminate the regulatory issues around 
shipping and handling of high H2S samples.  The IsoTrap converts the sulphur in the H2S to 
an inert solid making for easy shipment of samples from the field to the laboratory.  Once the 
pressurized samples arrived at the laboratory, procedures were set up and reviewed to provide 
the following: continuous flow through volume of gas to the IsoTrap, measurement of gas 
volume, provide an inert system to minimize any H2S scavenging, and trap any potential 
liquid carry over during flashing of the oil sample. 
The IsoTrap was submitted for sulphur isotope analysis along with anhydrite from the 
reservoir, stock tank oil, source rock samples, pyrobitumen and pyrite. The graph in Figure 1 
provides a mapping of the isotopic values along with the H2S data collected on this well and 
the follow-up appraisal well.    The results clearly indicate that the source of the H2S is most 
likely thermal chemical alteration (TCA) of organic sulphur (i.e., cracking of oil to gas in the 
reservoir) and not TSR.  Thus, the concentration levels will be directly proportional to 
reservoir temperature as it relates to cracking of oil to gas.  This result can be applied to the 
many other prospects within the exploration acreage to risk and assess the presence, 
concentration levels, and distribution of H2S. 
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Figure 1. Sulphur isotope mapping 
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As a consequence of global climate warming extended dry and hot periods are 
predicted, which favor vegetation fires and the production of charcoal. Introduced into the 
soil, the latter is considered as highly recalcitrant and to increase the soil C sink. On the other 
hand, recent laboratory experiments indicated that under optimized laboratory conditions, 
plant-derived pyrogenic organic matter (PyOM) can exhibit very short residence times < 100 
years (Hilscher et al., 2009; Knicker et al., 2013). Possibly, comparable to the degradation of 
lignite coals (Fakoussa and Hofrichter, 1999; Rumpel et al., 2006), lignin degraders are 
responsible for PyOM decomposition. Considering further that lignin degradation is affected 
by N availability, the presence of this nutrient is likely to play an important role for the 
biochemical stability of PyOM.  
In the present study, we evaluated this hypothesis by means of laboratory degradation 
experiments in which soil material (Histic Humaquept) was mixed with N-poor charcoal 
produced from wood and with organosolv lignin derived from industrial paper production. 
The mixtures were subjected to microbial degradation at 28°C in a Respicond IV Apparatus 
for 10 weeks with and without addition of mineral N-fertilizer. The experimental setup was 
supplemented by soils amended with N-rich PyOM from grass (de la Rosa and Knicker, 2011) 
material and ammoxidized lignin (N-lignin) (De la Rosa et al., 2013). The CO2 production 
was determined on an hourly base by changing electrical conductivity of a KOH solution 
(Knicker et al., 2013). The degradation rate constants and the mean residence times (MRT) 
were calculated using a double exponential decay model applicable to identify pools with fast 
and slow turnover rates. Alterations of the chemical composition of SOM during degradation 
were studied by solid-state 13C and 15N NMR spectroscopy.  
First results indicated that without N amendment, lignin addition altered only slightly 
the degradation rate of the slow soil organic matter (SOM) pool (MRT: 10 years). Additional 
fertilization with KNO3, resulted in a small increase of MRT. For the soils mixed with N-poor 
charcoal, a clear augmentation of MRT due to N-addition was observed. Compared to the 
control, application of N-lignin resulted in faster SOM degradation. Possibly, the restricted 
access to N immobilized within heterocyclic structures of the N-lignin augmented the 
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decomposition of the carbon backbone, yielding in a release of the nutrient. Analysis of the 
degradation process by solid-state 15N NMR spectroscopy confirmed a fast use of this 
mobilized N for biomass production. Comparable low stability was observed for heterocyclic 
N structures of N-rich grass PyOM (de la Rosa and Knicker, 2011). Mixed with soil, no major 
alterations of the respiration rates due to PyOM addition was evidenced, indicating 
comparable degradation rates of SOM and grass-derived chars.  
Our results provide some insights into the interrelationship between the C and N 
cycles in soils. Addition of N together with N-poor aromatic C sources to soils can decrease 
CO2 production. On the other hand, aromatic structures containing heterocyclic N did not 
increase the C-sequestration potential of the used soil. Although it is commonly assumed that 
heteraromatic N has higher biochemical recalcitrance than peptide-like compounds, we 
observed an efficient use of the former for biomass production. Thus, even if N-
heteroaromatic structures are formed during humification or introduced with charred residues, 
our findings indicate that their resistance towards biochemical transformation may not be high 
enough to increase the C sequestration potential of soils. 
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Understanding the soil and sedimentary organic matter (SOM) dynamics is one of the 
most important issues in the scope of C sequestration, climate change and maintenance of soil 
fertility and ecosystem sustainability. To trace C in soil and sediments, isotope 
biogeochemistry developed as one of the most promising fields during the last 70 years. 
Besides investigating the natural abundance of 13C and 14C, the application of isotopically 
enriched substances allowed a huge progress in understanding the sources, transformation, 
translocation, sequestration and losses of C in soil. Initially, labeled plant residues were used 
and later – after the 70ties – individual substances like sugars, amino acids or carboxylic acids 
as well as their oligo- and polymers were applied in SOM studies. The investigation of 
turnover and transformations of low molecular weight organic substances (LMWOS) became 
a key topic in soil biogeochemistry as all high molecular substances pass this stage during 
their decomposition. 
Nearly all previous studies used uniformly labeled organic substances i.e. all C atoms 
in the molecules were labeled with 13C or 14C. However, this classical approach did not allow 
to distinguish whether the initial substance was involved in a certain processes, or whether the 
substance was first transformed and its metabolites entered this process.  
Here we introduce and overview a novel tool of isotope applications – the position-
specific labeling – to trace the biogeochemical fate of individual C atoms in the molecules. 
We show the advantages of position-specific 13C and 14C labeling to investigate sorption, 
microbial uptake and decomposition as well as the formation of new microbial compounds. 
We present results from a representative spectra of LMWOS of sugars, amino acids and 
carboxylic acids. Position-specific labeling enabled to distinguish the fate of initial substance 
and its metabolites. Such metabolite tracing allowed to evaluate contribution of individual 
functional groups of one substance to various processes in soil. Furthermore, we coupled 
position-specific 13C labeling with compound-specific 13C analysis of various microbial 
metabolites to trace the utilization of individual C atoms by the microbial community in soils. 
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Formation of microbial cell membranes was investigated by GC-C-IRMS measurement of 
phospholipids fatty acids (PLFA) as well as cell wall formation was observed by LC-O-IRMS 
measurement of the microbial amino sugars. We highlight the perspective of this coupling to 
reconstruct the microbial metabolization pathways in soils and sediments. In combination 
with the investigation of biomarkers like PLFA, specific transformation of ecophysiological 
groups within the microbial community can be traced. We found that LMWOS are mainly 
transformed according to major cellular C metabolization pathways but could also identify 
individual pathways driven under special conditions or by special microbial groups. More 
complex substances like fatty acids are rarely incorporated into basic C metabolism but 
preferentially used as entire building block by microbes. Nevertheless, they transform them 
according to their cellular demand, i.e. they desaturate and elongate added palmitic acid 
according to the fatty acid fingerprint of the microbial community (figure 1). In summary, 
specifics in the transformation of individual molecule positions can be identified and C 
transformation pathways of various substances reconstructed.  
To reflect the differences between the fate of individual C atoms independent of the 
concentration and pools of the substances in soil we introduced the divergence index. The 
divergence index reveals the convergence or divergence of C from individual molecule 
positions during microbial utilization and stabilization. It enables identification of specific 
molecule positions which reflect characteristic changes in the C transformation pathways in 
soils. Thus, observing single C atoms and their transformation pathways is a unique tool to 
gain new information about mechanisms and kinetics of biogeochemical processes in soils 
and sediments and therefore will strongly improve our understanding and generalization of 
carbon fluxes. 
b) Labeling: 100% 
C16 (= palmitic acid) 
 
c) PLFA after 3 days 
 
 
d) PLFA after 10 days 
 
 
Figure 1: a) PLFA fingerprint of the microbial community. Added palmitic acid (b: 100% 
C16) gets transformed 3 days (c) and 10 days (d) after labeling into desaturated C16 fatty 
acids, elongated (> C16) and shortened (< C16) fatty acids 
C16    
desaturated C16    
< C16   
> C16   
a) 
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Organic matter deposited in sedimentary environments undergoes polymerization 
reactions that lead to the formation of insoluble geomacromolecules. The complex three 
dimensional structure of these organic matrices protects the organic matter against chemical 
and microbial degradation and therefore, enhances its preservation over geological time. The 
largest storages of organic carbon on Earth are found in the form of geomacromolecules as 
kerogen and fossil fuels (Berner 1989). Hence, the formation of insoluble organic matter 
(IOM) acts as an extensive active carbon sink with direct implications for carbon 
bioavailability, production of greenhouse gases and organic matter preservation. The 
application of a selective chemical degradation on IOM can help unravel the nature of bonds 
formed during incorporation of biomolecules, or degraded counterparts, into 
geomacromolecules – and by extension, the underlying mechanisms that govern such 
processes. Here, we focus on chemical degradation of shallow (<1 m) profiles – from an 
acidic Sphagnum peat bog from South Wales and from the continental slope offshore South 
Africa (34° 23.27’ N, 17° 34.17’ E) – using these to explore the timing and earliest stages of 
geomacromolecule formation.  
 
Figure 1. Relative abundance of extractable and non-extractable biomarkers in Sphagnum peat soil 
(55cm depth) after a sequence of extractions, 1) Bligh and Dyer and 2) Soxhlet for 48h, and a 
subsequent sequence of chemical degradations, 3) Base Hydrolysis and 4) Acid Methanolysis. Note 
the high concentrations of functionalised biomarkers – e.g. n-alkanols, ω-hydroxyalkanoic acids and 
phenols – identified in base hydrolysis extracts. Significant quantities of archaeal and bacterial 
GDGTs are released after acid methanolysis of the post-extraction residue, even in this very shallow 
soil. 
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 Chemical degradation of peats (Fig. 1) reveals that n-alkanes, likely derived from 
waxes of higher plants, occur in sediments only as extractable lipids indicating that they are 
not preserved via encapsulation within the geomacromolecule. However, 25% of the 
functionalized analogues, HW n-alkanols, are released from the post-extraction residue after 
base hydrolysis but not by subsequent acid hydrolysis. As expected, suberin and cutin 
associated n-alkanoic, α- and ω-hydroxyalkanoic acids and phenols, are abundant in the base 
hydrolysis extracts. These observations are consistent with previous work (e.g. Otto and 
Simpson, 2007) and collectively suggest that n-alkanols, alkanoic acids and phenols, such as 
ferulic and coumaric acid, are preserved within soils via esterification reactions with 
conjugates in the geomacromolecule.  
Abundant and diverse prokaryotic biomarkers also occur in the non-extractable 
fractions. Iso-and anteiso- C15 and C17 n-alkanoic acids and β-hydroxyalkanoic acids, as well 
as diagenetically modified BHPs are released from the insoluble organic matter after base 
hydrolysis even in the shallowest sediments. This provides further evidence for the role of 
esterification reactions in the rapid preservation of functionalised biomolecules or degraded 
counterparts within the sediments. Branched and isoprenoidal glycerol dialkyl glycerol 
tetraethers (GDGTs) are recovered predominantly during Soxhlet extraction rather than the 
preceding Bligh-Dyer extraction, but non-extractable GDGTs are also abundant, representing 
up to 65% of the total pool. These occur only in acid hydrolysis extracts (as opposed to base 
hydrolysis extracts), consistent with previous observations by Huguet et al., 2010. In contrast, 
archaeol only occurs as an extractable lipid, and this suggests that either the specific intact 
polar moieties of the GDGTs or their specific microbial association plays an important role in 
their incorporation into the insoluble geomacromolecule, likely via glycosidic bonds. 
The application of sequential extractions and a selective chemical degradation 
provides insight into insoluble organic matter formation and composition and reveals that 
significant concentrations of functionalised biomarkers are transferred into the non-
extractable fractions at early stages of diagenesis. Ongoing experimental work aims to test 
how different conditions including total organic carbon, salinity, anoxicity, pH, temperature, 
UV radiation and sedimentation rate influence the timing and mechanisms of IOM formation. 
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Rhenium (Re) and osmium (Os) are organophile elements. For this reason, the Re-Os 
radiogenic system is well adapted to the dating of organic-rich rocks such as black shales. 
Recently, it has been suggested that this system can also be used to date the major events 
occurring during the evolution of hydrocarbons (Selby and Creaser, 2005). However the 
meaning of the obtained age is ambiguous. This is mainly due to gaps in our knowledge of the 
geochemical behavior and the speciation of Re and Os in oils. Specifically, use of the Re-Os 
geochronometer requires an understanding of how Re-Os behavior can lead to the fulfillment 
of the conditions necessary for the development of an isochron. In chronological order, these 
conditions are: i) the isotopic homogenization of oils at the scale of a basin ii) the 
fractionation of Re from Os so as to obtain samples with various Re/Os ratios iii) the closure 
of the system during the period of radiogenic ingrowth of the daughter isotope, that is, from 
the time of the event of interest to the present day. If one of these steps is not fulfilled, no age 
can be measured.   Therefore in order to use the Re-Os system to date hydrocarbon evolution, 
it is essential to develop a better understanding of the petroleum geochemistry of these 
elements.  
Several key events may have a significant influence on the behavior of Re and Os 
during the formation, migration and storage of petroleum. Generation and expulsion for 
instance have already been investigated through artificial maturation (Rooney et al., 2012). 
However other aspects need to be studied. For instance, Re and Os are primarily contained in 
asphaltenes. Yet, oils may precipitate their asphaltenes during migration as well as in the 
reservoir. If Re and Os are not incorporated to the same extent in the precipitating asphaltenes 
this process could potentially lead to fractionation of the Re/Os ratio, one of the conditions 
required for the formation of an isochron. 
We performed experimental investigation of the organic geochemical behavior of Re 
and Os in oils under various conditions, designed to simulate the different stages of petroleum 
generation and evolution. After chemical treatment of samples, Re and Os concentrations 
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were determined by isotope dilution. Re and Os isotopic compositions used for concentration 
calculations were determined by Inductively Coupled Plasma Mass Spectrometry (ICP-MS) 
and by Negative Thermal Ionization Mass Spectrometry (N-TIMS), respectively.   
Results of our experiments enable us to constrain the processes most likely to control 
the Re and Os content of oil. They thus provide a firm basis for determining the nature of the 
events that are actually dated by the Re-Os geochronometer: genesis, migration or storage in 
reservoirs? 
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Chemical structure of kerogen undergoes considerable changes during maturation. Two-
dimensional heteronuclear 13C – 1H NMR method (HETCOR) provides important information 
about the structure of polymers (Mao et al., 2001, 2010). To observe the changes in NMR 
spectra of kerogen we performed an artificial maturation experiments. The NMR analysis was 
applied to kerogens isolated from initial rock and rocks after heating up to 300 and 325 оС for 
24 h by hydrous pyrolysis (Burdelnaya et al., 2012). 2D HETCOR spectra with different 
contact time (0.2-1 ms) were obtained for kerogen from Middle Volgian oil shale (the 
Koygorodok outcrop, Russian platform) and kerogen from Domanik oil shale (the Chut 
outcrop, Pechora basin) using AVANCE II-500 WB (Bruker) spectrometer. Two-dimensional 
correlation С–Н spectra were obtained by HETCOR method with frequency switched Lee-
Goldburg (FSLG) homonuclear dipolar decoupling at 110 kHz. 
The 2D HETCOR spectra with short contact time have cross-peaks which show the 
presence of direct С-Н bond, and spectra with a longer contact time have cross-peaks of 
carbon at the distance up to 15Å from protons (Fig.). Spectra of the initial and heated samples 
recorded with contact time 1 ms shows a cross-peak between aliphatic carbon at 30 ppm and 
proton at 2 ppm related to methyl and methylene groups in alkyl chains. Spectrum with 1 ms 
contact time contain a cross-peak between aromatic carbons at 133 ppm and aliphatic protons 
at 2 ppm, however at a short contact time (0.2-0.5 ms) this cross-peak is not observed, which 
testifies to a certain spatial remoteness of alkyl chains from aromatic nuclei. An intense cross-
peak between aromatic carbon at 128 ppm and aromatic proton at 7 ppm reflects spatial 
proximity of aromatic nucleus to its own protons. After hydrous pyrolysis of the rocks the 
cross-peak corresponding to aliphatic proton (2 ppm) at 133 ppm, shifts to higher fields (128 
ppm). Thus, the substituted aromatics (133 ppm) converts to a condensed polyaromatic 
structure (128 ppm). At a short contact time 0.25 ms, 0.35 ms in 2D HETCOR spectra of 
initial Domanik kerogen and thermally processed one there is no cross-peak between aromatic 
carbon at 133 ppm and aliphatic protons 2 ppm, and the cross-peak between aromatic carbon 
at 128 ppm and proton adjacent to aromatic nucleus becomes more intense. Thus, the absent 
cross-peak of methyl group at short contact time testifies that methyl is not bound to the 
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aromatic nucleus directly. The spectrum of Volgian less mature kerogen gives a signal in a 
region of 65-85 ppm and corresponded to –CH(OH)– or CH2–O–C groups. The spectra of 
mature kerogens do not show this signal (Mao et al., 2010). In the spectra of heated samples 
there is no such signal. 
Finally, the artificial maturation of kerogens results in a considerable rearrangement of 
aromatic hydrocarbon structures, loss of methylene chains and destruction of ether bonds at 
early stages of maturation. 
initial 
kerogen 
0.3 ms contact time 1 ms contact time 
 
kerogen 
isolated 
from a rock 
heated to 
325 оС  
 
 
Figure 1. 2D HETCOR spectra of Middle Volgian kerogen before and after hydrous 
pyrolysis. 
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Acidity in crude oil is of concern in the oil and gas industry because of the corrosion 
problems it causes during transportation and refining. Thus, high acid oils are of lower value 
than low acid oils. Oil acidity is conventionally measured as its total acid number (TAN), 
which is the number of milligrams of potassium hydroxide (KOH) required to neutralise the 
acidity in 1 gram of oil. Oil is considered to be of high acidity if the TAN is higher than 
0.5mgKOH/g oil. As the world’s demand for crude oil increases and conventional reserves 
decline, the proportion of high TAN oils being produced is increasing and it has been 
estimated that more than 10% of the world’s current oil production is high TAN.   
The ASTM Method D664 is the most common standard test method for measuring 
TAN of crude oil in the oil industry. However, the use of this method on crude oils is 
sometimes problematic because it was originally designed for petroleum products and 
lubricants and not designed for heavy oils or small sample sizes.  The ASTM D664 (2009) 
uses a sample size of up to 20g for oils with TAN values of <1.0 and states that measurement 
variations for oils with TAN values of 1.0 and 0.1 can be up to 28% and 155%, respectively. 
However, modifications have been proposed for applying the ASTM D664 procedure to 
heavy crude oils, bitumens, biodiesel and biodiesel blends (e.g. Fuhr et al., 2007; Wang et al., 
2008).  
 In this work, a TAN measurement method has been developed for small sample sizes 
of crude oils, bitumens and core extract samples, together with their fractions, based on the 
ASTM D664 method. From the titration curves (e.g. Figure 1), the results (e.g. Table 1) show 
that the measurements have good reproducibilities for light and heavy oils with TAN 
values >1, on sample sizes of 1g, This enabled the measurements of TAN values on small 
sample sized reservoir core extracts and allowed the observations of TAN acidity depth 
gradients to be identified oil reservoirs.  Using this method also allowed the acidities of crude 
oil fractions to be investigated and the results showed that the different polar fractions of 
different crude oils did not all contain the same proportions of the total acidity of the oil.   
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Sample
(Crude oils)
TAN mgKOH/g
(Average)
SD
(n=3) %RSD
1 2.19 0.04 1.9
2 1.55 0.06 3.8
3 1.66 0.02 1.2
4 1.14 0.05 3.9
5 7.58 0.08 1.1
6 0.11 0.00 1.0
7 1.24 0.02 1.2
8 0.35 0.04 10.6
9 0.13 0.04 31.2
10 1.95 0.04 2.1   
 
 
 
 
In order to investigate this observation further and determine the types of acidic 
species present, selected crude oils and oil fractions were analysed using Fourier Transform 
Ion Cyclotron Resonance Mass Spectrometry (FTMS) as part of the Bacchus3 consortium 
heavy oil project. The FTMS showed relative abundances of oxygenated acidic species in the 
samples that were in broad agreement with the acidities of them measured using the small 
scale TAN titration method. FTMS also indicates that the molecular make-up of the acidity 
changes dramatically across the typical ranges of biodegradation level seen in heavy oilfields.  
However, the variation in acidities between oil samples and also the distribution of the 
acidities within the polar fractions of the oil samples appears to be influenced by both source 
and post-generation alteration processes. A greater understanding of the factors that control 
these acidity variations will enable better pre-drill prediction of acidity in crude oils and also 
acidity reduction in produced oils.  
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Thawing permafrost peatlands substantially influence northern ecosystems by 
changing the regional hydrology and mobilizing the vast carbon (C) reserves that results in 
increased greenhouse gas (GHGs) emissions to the atmosphere. With permafrost distribution 
controlled largely by topography and climate, our IPY study intensively monitored the local C 
cycling processes and GHG fluxes associated with different hydrologic and permafrost 
environments at 4 sites along a latitudinal climatic gradient of mid-boreal, boreal, low and 
high subarctic ecoclimatic regions that extend south-north from the Isolated Patches 
Permafrost Zone (northern Alberta), to the Continuous Permafrost Zone (Inuvik, NWT) 
(Figure 1). Each site encompasses a local hydrologic and vegetation gradient from upland 
forest and peat plateau to collapse scar (Figure 2). 
 
 
Figure 1. Map of permafrost in Canada showing 
our 4 study site locations. Temperature 
increases from 1970-2002 is shown for the 4 
sites. 
 
Figure 2. Schematic of large (20 x 20 m) 
study site plots. We focus on GHG 
systematics on a gradient from upland 
to peatland, and especially on the peat 
plateaux where permafrost is already 
showing evidence of collapse scars. 
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 Our multi-year measurements of peatland profiles and flux chambers for CH4 and CO2 
concentrations and stable isotope ratios indicate processes, including methanogenesis, 
methanotrophy, transport and emission that control the distribution of these GHGs. These 
relationships are modulated by fluctuating local soil water and corresponding ecosystem 
conditions. The gas geochemistry shows that significant surface CH4 production occurs by 
both hydrogenotrophic and methyl-fermentative methanogenesis in submerged, anaerobic 
peats, e.g., collapse scars, whereas methane oxidation is restricted to aerobic, drier 
environments, e.g., upland sites and peat-atmosphere interface. The most active 
methanogenesis and emissions are in areas of actively thawing permafrost contrasting with 
sites under continuous permafrost. This degree of methanogenesis is being amplified by the 
increased rate of warming and the rapid retreat of permafrost in Canada’s northern areas (ca. 
2.5 km/yr).  
For context, the present permafrost and GHG emission situation is compared with the 
rapid rises in temperature, CH4 and CO2 concentrations during the Younger Dryas-Preboreal 
transition (~11.5 yBP). Our pCH4 and 13CH4 work on Pakitsoq, Greenland ice (Schaefer et 
al., 2006).show that the rapid rise in pCH4 during YD-PB is unlikely to have been due to 
massive marine gas hydrate release (‘clathrate gun’), but that CH4 from permafrost retreat after 
Last Glacial Maximum is a plausible explanation. 
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Methane is a strong greenhouse gas, and understanding its sources and sinks is of 
great environmental interest. A major sink for methane in the environment is microbial 
oxidation. Aerobic methane oxidation with oxygen, and anaerobic methane oxidation coupled 
to sulfate reduction have been known and studied extensively. However, much less is known 
about the recently discovered process of nitrite-dependent methane oxidation. 
 The newly identified bacterium ‘Candidatus Methylomirabilis oxyfera’1 carries out 
this process of nitrite dependent methane oxidation. Although M. oxyfera thrives in anoxic 
environments, it oxidizes methane by a very special ‘intra-aerobic’ pathway through which it 
internally produces its own oxygen for the oxidation of methane (Ettwig et al., 2010). Only 
little is known about the occurrence and significance of this ‘new’ methane sink in the 
environment, partly because the identification of M. oxyfera in ecosystems primarily relies on 
molecular techniques targeting DNA and RNA. To enhance our ability to detect and study 
this organism in the environment, we are investigating the potential of new biomarkers for M. 
oxyfera based on its lipid composition. Core lipid analyses of M. oxyfera enrichment cultures 
revealed two characteristic C17 fatty acids, a 10MeC16:0 and an unprecedented 10MeC16:1Δ7 
fatty acid, which we were able to detect in the environment as well (Kool et al., 2012). At 
present, we are further investigating the lipid biomarker potential for M. oxyfera focusing on 
intact polar lipids (IPLs), hopanoids, and the complementary use of stable carbon isotopes. 
Analysis of intact polar lipids (IPLs) indicates that M. oxyfera produces substantial 
amounts of amino acid containing lipids, i.e. betaine, glutamine and ornithine lipids. This is 
an interesting finding, as only a few bacterial sources of betaine and glutamine lipids are 
known and the biological function of most amino-acid containing IPLs is still uncertain 
(Geiger et al., 2010). Preliminary analyses on hopanoids reveal the presence of fairly 
uncommon bacteriohopanepolyols, i.e. aminopentol-BHPs, for which type-I methanotrophs 
                                                 
1The official status of this bacterium is Candidatus; the bacterium will further be referred to as M. oxyfera. 
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were thus far the only known source organisms (Coolen et al., 2008). Furthermore, M. oxyfera 
seems to produce C3-methylated hopanoids, which based on genomic investigations can only 
be produced by aerobic bacteria (Welander and Summons, 2012). 
Organisms involved in methanotrophy are often identified through the distinctly 
depleted 13C signature that they inherit from assimilating methane-carbon. However, culture 
experiments with 13C labeled compounds revealed that this may not apply to M. oxyfera; its 
biomass did not become enriched in 13C when 13C labeled methane was provided. This is 
consistent with the suggestion based on genome analysis that M. oxyfera may in fact use the 
Calvin-Benson-Bassham cycle for carbon assimilation (Ettwig et al., 2010), implying that 
CO2 rather than methane would be its carbon source. Indeed, additional experiments with 13C 
labeled CO2 indicated that M. oxyfera does incorporate carbon from CO2 into its lipids, and 
potentially only indirectly from CH4 after oxidation to CO2. Consequently, based on carbon 
isotopic signatures, a potential contribution of nitrite-dependent methane oxidation in various 
ecosystems may have gone unnoticed. 
Our new findings on M. oxyfera lipids and carbon assimilation may improve our 
ability to detect and study this organism in the environment, and to assess the significance of 
nitrite-dependent methane oxidation in the global methane cycle. 
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Permafrost environments in the northern hemisphere are expected to be strongly 
affected by the predicted global temperature rise. Long-term measurements of permafrost 
temperatures investigated during the International Polar Year (IPY) 2007-2009 indicate that 
mean annual ground temperatures are up to 2C warmer than they were 20-30 years ago 
(Romanovsky et al., 2010). Future climate models predict further significant increases in 
atmospheric and ground temperature for this particular environment (IPCC, 2007). Latest 
estimations of carbon stored in soil and permafrost deposits of northern regions is 1672 Pg 
(1015 g) accounting for ~50% of the carbon globally stored belowground (Tarnocai et al., 
2009). With the thawing of permafrost significant amounts of this carbon will become 
bioavailable again. As a consequence large quantities of greenhouse gases will be released 
into the atmosphere, thereby further increasing global warming and transforming the Arctic 
tundra ecosystems from a carbon sink to a carbon source.  
To predict future methane emissions and to estimate the global atmospheric carbon 
budget, we need to understand the microbial driven methane dynamics and their response to 
climate changes. Therefore, this study uses a combination of quantitative and qualitative 
analyses to assess the variations of the microbial community composition involved in the 
cycling of methane in the Siberian Arctic during the Holocene and Late Pleistocene. 
A 23 m long permafrost core drilled in 2002 on Kurungnakh Island, Lena Delta, 
Siberia, was examined using biogeochemical and microbiological methods. The 
interpretation of our data was based on a paleoclimate reconstruction at the same site 
(Wetterich et al., 2008). The recovered permafrost sequence (Figure 1) is characterized by 
strong vertical variations of the total organic carbon (TOC) and in-situ methane content. The 
TOC content varies from 2 to 14wt%, whereas the methane concentrations range from 4 to 
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3600 nmol methane/g sediment, with highest values observed in the uppermost Holocene 
layers. Using archaeol (I) as a marker for methanogenic archaea, genetic fingerprint analysis 
and microbial activity measurements, we were able to reconstruct the response of 
methanogenic communities to past climatic changes. Our data show higher abundance of 
methanogenic archaea during warm periods in the Late Pleistocene and during Holocene 
warming suggesting increased methane production during these periods. These results on 
methanogens are supplemented by data on aerobic methane oxidation, as the biggest 
terrestrial sink for methane. The presence of aerobic methanotrophic communities was 
investigated using biohopanoids (aminotriol, aminotetrol and aminopentol (II); van Winden 
et al., 2012) as characteristic biomarkers for aerobic methane oxidizing bacteria (AMO). We 
suggest that these markers reflect fossil communities of AMO, which were present in the 
upper aerobic part of the active layer during sedimentation of the respective deposits. The 
presence of these markers during the Holocene and the warmer period in the Late Pleistocene 
supports the suggestion of increased methane release during these periods. This data provides 
a deep insight into past methane cycling and important information on future methane 
evolution from permafrost environments as a consequence of on-going climate warming. 
 
Figure 1. Yedoma permafrost deposits of Kurungnakh Island, Siberia with the underlying 
paleoclimate reconstruction. Vertical profile showing organic carbon (TOC), methane, 
archaeol (I) and aminotriol, -tetrol and –pentol (II) with depth. 
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Isotope fractionation during C-C bond cleavage controls the distribution of stable 
isotopes in natural gaseous hydrocarbons. Most previous studies address the δ13C and δ2H 
variations with respect to source rock thermal maturity (Schoell, 1983; Tang et al., 2000), 
rather than the quantitative relations between the isotopic compositions of different 
hydrocarbons in a natural gas sample formed at any identical thermal maturity. One exception 
is the remarkable work performed by Chung et al., in which they reported a linear relation 
between δ13CCnH2n+2 and 1/n (n is the carbon number in hydrocarbon molecules) in pyrolysis 
gas and natural gas samples, and provided a statistical explanation. 
This work focuses on an additional interesting phenomenon:  there are universal linear 
relations between the isotopic compositions in natural gaseous hydrocarbons. For example, 
the data points of over 400 gas samples from oil and gas reservoirs worldwide (US Geological 
Survey, 2009) are located close to a straight line on the δ13CC3H8 vs. δ13CC2H6 cross plot.  
Based on the kinetic isotope effect, the physical meaning of the slopes is derived from 
microkinetics and statistical thermodynamics. The theoretical slope values are:  
2/3 for δ13CC3H8 vs. δ13CC2H6 
2 for δ13CCH4 vs. δ13CC2H6 
3/4 for δ2HCH4 vs. δ2HC2H6 
3/4 for δ2HC3H8 vs. δ2HC2H6  
The values for δ2H distributions suggest that CH4 is mainly formed by hydrogen shift 
reactions, which is different from C2H6 and C3H8 (which are mainly formed by alkyl cleavage 
followed by hydrogen atom capping). 
Figures 1 shows the δ13C cross plots with data selected from several different 
petroleum systems. For most of the reservoirs, the above theoretical slope values are 
consistent to the field data. One exception of the Fayetteville samples, which can be explained 
by the mixing of primary and secondary generated gas (Xia et al., 2012). The deviation of the 
Mobile Bay samples is due to thermochemical sulphate reduction (the, Mankiewicz et al., 
2009).  
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This discovery reveals more details of natural gas generation, demonstrates the 
quantitative constraints of the isotopic fractionations between natural gaseous hydrocarbons 
due to the kinetic processes, and provides a solid basis to interpret gas isotope data for 
hydrocarbon potential assessment. Special generation and accumulation histories of natural 
gas reservoirs can be distinguished with these results.  
 
y = 0.6667x - 3.847
R² = 0.722
y = 0.6667x - 6.068
R² = 0.7474
-45
-40
-35
-30
-25
-20
-15
-10
-5
0
5
-50 -45 -40 -35 -30 -25 -20 -15 -10
13
C 3
(‰
)
13C2 (‰)
A
y = 2.000x + 14.062
R² = 0.7818
-60
-55
-50
-45
-40
-35
-30
-25
-20
-15
-10
-50 -45 -40 -35 -30 -25 -20 -15 -10
13
C 1
(‰
)
13C2(‰)
Cretaceous Eagle Ford source rock, Austin Chalk, U.S.
Cretaceous  source rock, San Juan Basin, U.S.
Jurassic Smackover source rock, Gulf of Mexico, U.S.
Triassic Xujiahe source rock, Sichuan Basin, China
Carboniferous Fayetteville source rock, Arkoma Basin, U.S.
Jurassic Smackover source rock, Mobile Bay, U.S.
B
 
Figure 1.  Linear covariance of carbon isotopic compositions between propane and ethane (A) 
and between methane and ethane (B) in natural gas samples from different gas fields. Data 
from US Geological Survey (2009), Dai et al. (2009), and Zumberge et al. (2012). 
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Hydrocarbons in continuous shale resource systems are most often of thermal origin 
with the amount of producible oil versus gas in place depending on maturity and kerogen type. 
Secondary cracking of unexpelled oil is usually viewed as the major pathway for the 
generation of shale gas, and kinetic models are used as part of gas-in-place estimations to 
predict the extent of secondary cracking in time and space. As the best gas wells in core 
producing areas are typically sourced by marine shales comprising type II organic matter, 
kinetic models tend to be oversimplified or are based on default settings. Nevertheless and 
depending on depositional environments or precursor biota, the chemical structure of type II 
organic matter can be highly diverse, thereby strongly influencing not only the composition 
and therefore physical properties of the generated fluids but also the kinetics of primary and 
secondary petroleum formation.  
Using a new pyrolysis based approach, here called the “GOR-Fit” model, we are able 
to predict the generation of primary and secondary gas from source rocks, in which 
overlapping liquid generation and destruction reactions occur, in an easy but specific way on 
the basis of simple stoichiometric relationships. What makes this model unique is its forward 
rather than inverse gas component calculation. In addition, we integrate a second late dry gas 
charge of ~40 mg/g TOC that we have recently recognised in a great variety of gas shales and 
source rocks (Mahlstedt, 2012; Mahlstedt and Horsfield, 2012). The methane forming 
reaction is realised between 2.5 and 3.5% Ro and can be kinetically described by a single 
activation energy of ~56 kcal/mol and a frequency factor of ~5.00E+09 1/s. 
With “GOR-Fit” primary and secondary conversion processes are studied by closed-
system MSSV-pyrolysis at three different heating rates (usually 0.7, 2.0 and 5.0°C/min) in the 
temperature range 300-600°C. In a first step C1+ MSSV-yields as well as the C1-5 and C6+ 
boiling fractions are normalised to the maximum MSSV-yield and plotted in comparison to 
directly measured open-system bulk-pyrolysis SRA-Transformation Ratio curves (top Figure 
1). As an excellent correlation between open-system bulk-yields and C1+ closed-system yields 
exists the SRA-TR curves can be directly multiplied by factors ranging between 0 and 1 
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(derived from the uniform open-system pyrolysis-GC GOR) to infer cumulative primary gas 
and C6+ splines. The spline curves have to be temperature shifted to fit measured MSSV 
values until a best solution for all three heating rates is reached, with negative shifts for C6+ 
compounds and positive shifts for primary gas. Secondary gas amounts are calculated by 
subtracting fitted primary gas yields from measured MSSV C1-5 yields at corresponding 
temperatures. A secondary gas spline is again approximated by “factorising” the SRA-curve 
(factor derived from multiplication of the C6+ spline factor by 0.7 assuming that 70% of C6+ 
compounds are degraded to gas and 30% to coke) which is then temperature shifted to match 
calculated secondary gas yields. Noteworthy is the excellent fit of spline curves and 
calculated secondary gas yields demonstrating the relevance of basic theoretical 
considerations. Kinetic parameters describing primary oil, primary gas, and secondary gas 
generation can now be deduced and used for the extrapolation of hydrocarbon generation 
reactions to a geological context (bottom Figure 1 - simplified for a linear heating rate). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Cumulative MSSV-data and fitted spline curves for 1 laboratory heating rate (top) 
and inferred predictions for a linear geologic heating rate (bottom) 
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There have been considerably fewer studies on residual gas retained in shale 
compared to studies on expelled gas from shale. Geochemical knowledge on residual gas in 
sedimentary rocks can contribute not only to the evaluation of shale gas potential, but also to 
understanding the behavior of gases released from sedimentary rocks in association with their 
destruction and deformation in deep subsurface. In the present study, the change of residual 
gas in shale and metamorphic rocks was investigated to evaluate the retention of methane and 
compositional changes of gases such as H2, CO2, CH4, C2H6, and C3H8 in shale and pelitic 
metamorphic rocks during diagenesis and metamorphism. The samples were collected from 
borehole MITI-Mishima in the Neogene Niigata basin and outcrops in Shimanto belt, 
Chichibu belt, and Sanbagawa metamorphic belt exposed in Shikoku, south-west Japan. The 
shale and pelitic metamorphic rock samples were pulverized in the alumina ball mill with gas 
sampling port under helium atmosphere. The gas released from the sample during 
pulverization was analyzed by GC with pulsed discharge helium ionization detector (PDHID). 
Carbon and hydrogen isotope ratios of each gas component were measured by using 
GC-C-IRMS and GC-TC-IRMS, respectively. 
The residual gas obtained from shale rocks, of which paleo-temperature are less than 
150ºC, is the richest in CO2 (Fig. 1), showing significant generation and immobility of CO2 in 
the stage of organic diagenesis. Concentration of CO2 decreases with increasing maturation, 
being lower than those of H2 and CH4 in the paleo-temperature higher than 200ºC. Expulsion 
of pore water with dissolved CO2 and formation of authigenic calcite can be responsible for 
the significant decrease of residual CO2. Concentration of residual CH4 begins to increase 
when mudstone porosity reaches about 5%. The increased methane concentration at shale 
porosity less than 5% suggests a significant retention of methane in shale matrix. The high 
concentration zone of residual methane corresponds to vitrinite reflectance (Ro) of 2 to 3% 
and paleo-temperature of 200 to 250ºC, respectively. Residual methane concentration 
decreases during metamorphism (Ro>4%), suggesting the graphitization of methane. The 
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residual H2 increases drastically in paleo-temperature more than 200ºC (Fig. 1). The H2 is the 
most abundant residual gas in pelitic metamorphic rocks (Fig. 1). Tightly closed system and 
generation of H2 due to aromatization and graphitization of sedimentary organic matter 
caused the increased concentration of residual H2 in metamorphic rocks.  
The change of residual gas in shale (Fig. 1) suggests that the paleo-temperature from 
200 to 250ºC (Ro=c.a. 2 to 3%) is the favorable maturation stage for shale gas formation, 
although organic richness and host rock lithology such as the storage capacity and fissile 
nature are also related to enhanced shale gas recovery.  
 
 
Figure 1. Changes of residual hydrogen, methane, and carbon dioxide in shale and 
metamorphic rocks during diagenesis and metamorphism. 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 196 -
24-IPC STERANES: ROBUST MARKERS FOR THE EARLIEST ANIMAL LIFE 
AND FOUND IN MIDDLE PERMIAN ROCKS WITH DEMOSPONGE SPICULES  
 
Gordon D. LOVE1*, Alexander S. BRADLEY2, Genming LUO3, Megan ROHRSSEN1, Erik 
SPERLING4 and Mark WILLIAMS1 
 
1. Department of Earth Sciences, Univ. of California-Riverside, CA 92521, USA 
2. Department of Earth and Planetary Sciences, Washington Univ. St. Louis, MO 63130, USA 
3. State Key Laboratory of Biogeology and Environmental Geology, China Univ. of 
Geosciences, Wuhan 430074, China 
4.  Department of Earth and Planetary Sciences, Harvard Univ., MA 02138, USA 
*) Corresponding author: glove@ucr.edu 
 
Lipid biomarkers yield valuable and unique insights for deep time geobiology and 
biogeochemistry concerning past ocean redox structure and biospheric evolution.  Currently, 
the earliest convincing record for animals (Metazoa) comes from a 100 million year record of 
distinctive C30 sterane biomarkers (24-isopropylcholestanes, 24-ipc steranes; McCaffrey et al., 
1994) produced by demosponges as old as 713-635 Myr, found in thermally immature 
Neoproterozoic-Early Cambrian marine sedimentary rock bitumens and kerogens from Huqf 
Supergroup of the South Oman Salt Basin (Love et al., 2009).  This constituted the first  
robust evidence for animals predating the Marinoan glaciation (terminating at 635 Ma) and is 
supported by a close match with metazoan divergence age estimates from molecular clocks 
(e.g. Sperling et al., 2010) and the recent  finding of “sponge-grade metazoan” fossils from 
Cryogenian strata in South Australia (Maloof et al., 2010) 
While 24-isopropylcholesterol (and related precursor structures, 24-ipc sterols) can be 
produced by only some demosponge genera, we find that 24-ipc compounds are major sterol 
constituents of certain genera from the order Halichondrida, particularly the family 
Halichondriidae.  It is yet unclear if the biosynthesis of 24-ipc sterols involves a host-
symbiont interaction or whether the complete synthesis is performed de novo by the host 
organism, though it is unlikely that symbionts could synthesize these unusual steroid 
structures as free-living microbes.  A single cell genomics study (Siegl et al., 2011) which 
recently proposed that poribacterial symbionts could possibly synthesize 24-ipc sterols has 
subsequently been shown by the same workers to have yielded a false result.  Aside that 
Aplysina aerophoba doesn’t make significant 24-ipc sterols; subsequent genomics  
investigation of the same poribacterial symbionts have shown that these, like all known 
bacteria, do not have the genetic capacity to make 24-alkylkated sterols. Radiolabelling 
experiments (e.g. Silva et al., 1991) and the high abundance of 24-ipc sterols (sometimes 
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constituting 30-99% of total monohydroxy sterols) in certain demosponge species from the 
order Halichondrida, suggests that the demosponge host is involved in 24-ipc sterol synthesis.  
Here we present a status report on the the phylogenetic distribution of the 24-ipc 
sterols and, importantly, show that 24-ipc sterols are only apparently made by demosponges 
and not by other animal lineages. Furthermore, 24-ipc do not appear to be synthesized by 
choanoflagellates, the closest living sister taxon of animals. We are currently analyzing the 
the sterol content of the remaining sponge clade that has not yet been rigorously screened, the 
Homoscleromorpha, including catalytic hydropyrolysis of sponge biomass to look for trace 
24-ipc sterane products (Love et al., 2009). Thus far, no 24-ipc sterols have been found in 
homoscleromorph sponges.  The most parsimonious interpretation then is that 24-ipc steranes 
in Neoproterozoic rocks are markers for true multicellular demosponges and not for a 
unicellular stem-metazoan ancestor of all animals. 
Finally, we the report the detection of 24-ipc steranes in Middle Permian strata from 
China in formations associated with an abundance of demosponge spicules, but not detected 
in other stratigraphic intervals from the same locations.  This co-occurrence of molecular and 
body fossils further supports a demosponge source for 24-ipc steranes and also suggests that 
the earliest Neoproterozic sponge animals were probably unspiculated to explain the lack of a 
continuous Ediacaran sponge spicule fossil record (Sperling et al., 2010). 
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Geochemical characteristics of hydrocarbons extracted from a set of solid bitumen and oil 
sands collected in marine and non-marine deposits in northern Longmenshan Mountain, NW 
Sichuan, South China, are peculiar. The bulk δ13C (<-32‰) show overall depleted values, 
typical of Precambrian source (Stahl, 1977; Andrusevich et al., 1998). Biomarker 
compositions show primarily prokaryotic origin, such as higher C29 steranes relative to C27 
and C28 steranes, and their triaromatic analogs, which could be derived from cyanobacteria 
(Fowler et al., 1987). The absence of 24-norcholestanes, 4-methylsteranes, dinosteranes and 
triaromatic dinosteroids might preclude the organic input from dinoflagellate and its ancestor, 
which might evolve from mid-Mesoproterozoic (Moldowan et al., 1996). A-norcholestanes, a 
stable derivative of ring A contracted steroid, are thought to be produced by some sponges, 
comprising C19 and C23 series. In addition, high 20-n-alkylpregnane and their triaromatic 
analogs could be associated with such specific depositional environment as anoxic to euxinic 
bottom waters in a basinal setting (Li et al., 2001). The distribution of some biomarkers 
indicates low contents of clay or high contents of carbonate rocks, such as the absence of 
diasteranes, abundant 30-norhopane and C24-tetracyclicterpane, higher C35 homohopane index 
and low pristane/phytane (Pr/Ph) ratio. As a whole, hydrocarbon compositions extracted from 
the solid bitumen and oil sands are highly consistent with that of oils derived from 
Precambrian source rocks as in Oman, Siberia, India and Pakistan (Fowler et al., 1987; Peters 
et al., 1995; Grosjean et al., 2009). Composed of grey limestone and black shales with high 
TOC values, Sinian Doushantuo Formation is the probably potential source rock horizons. 
This reveals that microorganisms and sponges began to bloom after the “Snowball Earth”. 
Notably, 25-norhopane series dominantly by 18α(H)-22,25,29,30-tetranorhopane, 17α(H)-
22,25,29,30-tetranorhopane, and 25,30-bisnorhopane have been detected both in the solid 
bitumen and oil sands. The biomarker maturation parameters are equivalent to Ro values in 
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the region of 0.6-0.8%. This suggests that in-reservoir biodegradation has occurred but oil 
thermal cracking and TSR (thermochemical sulfate reduction) were not took place. 
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Pathways for the prebiotic synthesis of organic compounds essential for the origin of 
life on Earth and/or elsewhere in the solar system have remained elusive, in particular with 
respect to homochirality, an essential prerequisite for life as we know it.  Engel and Nagy 
(1982) were the first to report a strong L-enantiomer excess for several protein amino acids in 
carbonaceous meteorites, and hypothesized that this L-excess was introduced to Earth by 
impact events during the early history of the planet.  The fact that 12 of the 20 protein amino 
acids common to life on Earth were not present in these stones precluded the likelihood that 
the L-excess was a consequence of contamination subsequent to impact.  Also, the stable 
isotope composition of the D- and L-enantiomers of amino acids in these meteorite stones 
(e.g. Engel and Macko, 1997) strongly indicated that this L-excess was extraterrestrial in 
origin.  More recently, Glavin et al. (2012) have reported a similar L-amino acid excess of 
extraterrestrial origin in the Tagish Lake meteorite. 
Some protein amino acid racemates have different solubility in water than their 
respective D- and/or L-enantiomers (e.g. Amend and Helgeson, 1997; Huang and Yu, 2006), 
leading to speculation that a slight L-enantiomer excess induced, for example, by exposure to 
circularly polarized light from a neutron star might have been amplified on meteorite parent 
bodies by subsequent dissolution/precipitation (e.g.  Breslow and Cheng, 2009 and references 
therein).  However, much of the experimental work attempting to verify this hypothesis has 
focused on protein amino acids (e.g. phenylalanine) that do not typically occur in meteorites. 
Here we report the results of a study in which an aqueous solution containing a slight excess 
of L-leucine (D/L = 0.94) was allowed to evaporate in a flask at room temperature for up to 
14 months.  Leucine was selected because 1) it is a protein amino acid that is commonly 
detected in carbonaceous meteorites and 2) the solubility of its L-enantiomer far exceeds that 
of its D,L-racemate (Huang and Yu, 2006).  The D/L values of leucine in the residual 
solution and in the crystals that precipitated from the solution were determined from the onset 
of crystallization (6 months) until termination of the experiment.  Over the course of the 
experiment, asymmetric amplification of the L-enantiomer was observed, with a final D/L 
value for the residual aqueous solution of 0.60.  The D/L values for leucine in the precipitates 
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were equivalent to or greater than that observed for the residual liquids, with a value that was 
approximately racemic (D/L = 0.96) after 12 months. 
The stable isotope composition of amino acids in meteorites has been commonly used 
to verify their extraterrestrial origin.  In this study, the stable carbon and nitrogen isotope 
compositions of the starting solution, the residual solution and the crystal precipitates were 
determined.  Only slight changes in isotope compositions were observed.  The δ13C values for 
the starting solution, residual solution and all crystal precipitates were, within experimental 
error, all the same (-25.0 ±0.2 ‰, VPDB).  A slight change was observed for the δ15N values, 
with the residual liquid and the crystal precipitates  all approximately 1.0 ‰ (Nair) enriched in 
15N relative to the value for the starting solution (-0.15 ‰).   
These preliminary results suggest that differences in the solubility of amino acid 
enantiomers may at least in part explain the origins of the L-enantiomer excess observed for 
some carbonaceous meteorites and the variability of D/L values observed for different stones 
from the same observed falls.  The stable isotope data indicates that aqueous reprocessing on 
a meteorite parent body might not significantly perturb the original stable carbon and 
nitrogen isotopic signatures acquired by these compounds at the time of their synthesis. 
 
REFERENCES 
Amend, J.P. and Helgeson, H.C. (1997) Solubilities of the common L-α-amino acids as a 
function of temperature and solution pH. Pure and Applied Chem. 69, 935-942. 
Breslow, R. and Cheng, Z-L. (2009) On the origin of terrestrial homochirality for nucleosides 
and amino acids. Proc. Natl. Acad. Sci. USA 106, 9144-9146. 
Engel, M.H. and Nagy, B. (1982) Distribution and enantiomeric composition of amino acids 
in the Murchison meteorite. Nature 296, 837-840. 
Engel, M.H. and Macko, S.A. (1997) Isotopic evidence for extraterrestrial non-racemic 
amino acids in the Murchison meteorite. Nature 389, 265-268. 
Glavin, D.P. et al. (2012) Unusual nonterrestrial L-proteinogenic amino acid excesses in the 
Tagish Lake meteorite. Meteoritics and Planetary Science 47, 1347-1364. 
Huang, J. and Yu, L. (2006) Effect of molecular chirality on racemate stability: α-amino 
acids with nonpolar R groups. J. Am. Chem. Soc. 128, 1873-1878. 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 202 -
THE ORIGIN OF H2S DURING STEAM INJECTION IN AN OMAN OIL FIELD, 
NORTH OMAN 
 
Mohammed Al GHAMMARI1*, Nicola GARDNER2, Peter NEDERLOF3, Peter BOLTON1 
 
1. PDO, Oman 
2. Shell, Netherlands 
3. Oman Geo Consultants 
*) Corresponding author: mohd.mrk.ghammari@pdo.co.om 
 
Hot steam assisted recovery from sulphur rich oils can ultimately generate significant 
amount of hydrogen sulphide,  together with carbon dioxide (e.g. Lamoureux-Var & Lorant, 
2005). Both inorganic gases, especially H2S, can cause severe corrosion, as well as health, 
and environmental problems during production. Therefore, proper planning and the use of 
correct certified materials in the facilities are of prime importance. 
A major oil field in Oman was subjected to steam injection to assist oil recovery. This 
field was known to produce oil from Natih carbonate reservoir with H2S contents ranging 0 to 
200ppm. In preparation for the pilot project, the oil together with a carbonate rock was tested 
by hydrous pyrolysis experiments in a temperature range up to 300°C. The oil only contains 
1% Sulphur without a significant amount of light molecular weight organic sulphur 
compounds. The result of the experiment suggested that no H2S risk was to be expected from 
steam injected into oil reservoirs.  
Two weeks after the start of the steam injection, high H2S concentrations (up to 
30,000ppm) were detected in well head samples taken after the shut-in of two steam injectors. 
This development was unexpected and raised a question about the origin of the H2S. In this 
paper, we present the work done by PDO and Shell to determine the origin of H2S in the 
steam injectors.  
Two approaches were employed. A sulphur isotope inventory was established for 
every sulphur containing species, including oil, bitumen, kerogen, additives and H2S from oil 
producers. These were compared with the sulphur isotope of the H2S found in the steam 
injectors. In addition to this, normal geochemical assessments of the gases, oil and source 
rock were conducted to understand the level of maturity and origin of oil and gas. In the 
second approach, hydrous pyrolysis experiments were conducted on two cores from the Natih 
Formation reservoir and the Natih Formation source rock, together with produced oil and 
boiler water feed (used for steam generation). During the experiments, concentrations and 
sulphur isotopes from the H2S were measured in addition to standard geochemical analysis of 
gases, water and oil composition.  
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The sulphur isotope inventory obtained from the various sulphur containing materials 
indicates that the H2S is probably coming from kerogen cracking under steam thermal stress.  
The negative sulphur isotope of the H2S from the steam injectors does not correlate 
with the sulphur isotope of the oil and nor with the extracted bitumen. As is clear from the 
figure below, however,  there is a good correlation between the Natih kerogenous sulphur and 
the post-steam H2S based on sulphur isotopes. 
The hydrous pyrolysis experiments indicated that the the source rock interval in Natih 
Formation is capable of generating H2S at temperatures below 200C, and that the 
concentration can increase dramatically with increasing temperatures up to 280C. The sulphur 
isotope of the steam injectors H2S, again correlates well with the sulphur isotope of the Natih 
kerogen used in the experiment. It is also found that the sulphur isotopes of the H2S generated 
experimentally from the reservoir rock sample and from the source rock sample were different, 
providing evidence for different origins of the reservoir related H2S and kerogen related H2S. 
It is believed that the reservoir related H2S is probably H2S that exists before steam injection, 
while the H2S collected from the source rock core experiment is a mixture of pre-steam H2S 
and post-steam kerogen cracking related H2S.  
Figure 1: Sulphur isotope Inventory 
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The presence of elemental sulphur within hydrocarbon systems is of particular interest 
to petroleum geochemists for a variety of reasons.  Elemental sulphur is involved in a variety 
of chemical transformations of sedimentary organic matter that result in the formation of 
organic sulphur compounds (Aizenshtat et al., 1995), which affect the rate of petroleum 
formation (Tissot et al., 1987; Tomic et al., 1995)  potentially through the formation of 
sulphur radicals (Lewan, 1998).  Sulphur species are also important catalysts or reactants for 
many redox reactions that significantly impact the thermal stability and chemical composition 
of petroleum hydrocarbons (Seewald, 2003), especially thermochemical sulphate reduction 
(TSR).  Although the oxidation state of elemental sulphur is intermediate between that of 
sulphate and sulphide, it is not known whether it is an intermediary reactant of TSR, is formed 
through the oxidation of H2S following TSR, or is a combination of both processes (Hutcheon 
et al., 1995). 
Although sulphur containing compounds are known to play a significant role in the 
diagenetic and catagenetic processes that generate oil and gas, relatively little is known about 
the kinetics of reactions between elemental sulphur and petroleum hydrocarbons.  In order to 
investigate this subject, a series of closed-system pyrolysis experiments were conducted using 
whole oils and model compounds that range in sulphur content from zero to approximately 3 
percent and first-order chemical kinetics were fitted to the empirical results.  The average 
activation energy required to reduce elemental sulphur to hydrogen sulphide and to generate 
methane via oxidation of higher molecular weight hydrocarbons is calculated to be 193 kJ 
mol-1 (46 kcal mol-1).  The results of this study demonstrate that under typical geologic 
conditions the rate of reduction of elemental sulphur to hydrogen sulphide by petroleum 
hydrocarbons is quite rapid.  The maximum time for substantial amounts of elemental sulphur 
to persist in contact with petroleum hydrocarbons is estimated to be no more than a few 
million years in cool reservoirs, and in hotter reservoirs the half-life of elemental sulphur may 
be as short as hundreds of years. 
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 Additionally, under  experimental conditions the presence of elemental sulphur lowers the 
activation energy of hydrocarbon cracking by as much as 100 kJ mol-1 (24 kcal mol-1), which 
corresponds to a reduction of the onset temperature by approximately 60°C for a 2°C/my 
heating rate.  Pyrolysis experiments involving elemental sulphur and a paraffin- hydrocarbon 
mixture generate measurable quantities of organic sulphur species including thiophenes, thiols, 
and sulphides.  It is thought that these compounds form through the reaction of hydrogen 
sulphide with the hydrocarbons following the reduction of elemental sulphur.  Thermal 
degradation of the organic sulphur compounds leads to the formation of sulphur radicals that 
are capable of accelerating the rate of hydrocarbon cracking.  Consequently, the presence of 
elemental sulphur in petroleum reservoirs is expected to lower the thermal stability of oil and 
reduce the maximum depth at which oil occurs within a basin (thermal deadline).  The 
presence of elemental sulphur also leads to higher gas to oil ratios (GOR) and to increases in 
the dryness of the generated gas compared to oil cracking without elemental sulphur.  These 
results suggest that any elemental sulphur observed in petroleum reservoirs today is unlikely 
to have been derived from the source rock that generated the oil, but rather may have formed 
more recently through the oxidation of hydrogen sulphide.  Finally, the rapid rate of reduction 
of elemental sulphur by petroleum hydrocarbons suggest that (1) any elemental sulphur 
produced during thermochemical sulphate reduction (TSR) is quickly converted to hydrogen 
sulphide and/or organic sulphur compounds, and (2) elemental sulphur can only accumulate 
in reservoirs that have experienced TSR after all of the hydrocarbons have been oxidized. 
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Reactions in anoxic sedimentary environments between inorganic sulfur species and 
organic molecules produce organic sulfur compounds (OSC) ranging from extractable 
monomers to recalcitrant organic polymers that play a role in the formation of kerogen. 
Despite the importance of this process for organic carbon preservation, the mechanism of 
sulfurization remains poorly understood. Sulfur isotopes are a potentially powerful tool for 
exploring this mechanism, because the isotopic composition of the (poly)sulfide reactant 
typically varies with depth in anoxic sediments. Experimental studies indicate that OSC are 
enriched in 34S by several per mil relative to (poly)sulfide, and a slight 34S enrichment is also 
seen in bulk kerogen. However, it has not previously been possible to investigate the isotopic 
fractionation associated with diagenetic OSC formation at the molecular level. Here, we 
present compound-specific sulfur isotopic compositions for extractable OSC from a Cariaco 
Basin sediment core representing more than 10 K yrs of sedimentary diagenesis (Fig. 1).  
Contrary to expectations and unlike coexisting kerogen sulfur, nearly all of the 
observed compounds have isotopic compositions that are 34S-depleted relative to coexisting 
sulfide; some are even 34S-depleted relative to pyrite. Unlike the 34S-enriched OSC produced 
experimentally under near-environmental conditions, which are dominated by sulfur-linked 
polymers, the OSC identified in Cariaco sediment extracts are all monomers with sulfur in a 
ring structure. At porewater pH values, ring closure is energetically favorable and 
significantly faster than the initial step in the sulfurization mechanism, nucleophilic sulfide 
attack on an organic functional group. We propose that the initial addition of sulfide has a 
normal kinetic isotope effect, leading to 34S-depletion. Rapid intramolecular addition to form 
a sulfur-containing ring then preserves this depletion in the resulting sulfurized monomers. In 
contrast, sulfur in (poly)sulfide bridges between precursor organic molecules may dominate 
the bulk kerogen sulfur pool and be subject to isotopic exchange with dissolved species, thus 
erasing the initial 34S depletion.  
The products of sulfurization are present in our shallowest sediment sample (40 cm, 
~1200 14C yrs), which serves as a coarse upper limit for the timing of the onset of 
sulfurization. Water column sulfurization on much shorter timescales has been suggested in 
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several environments, including Cariaco Basin, where concentrations of particulate organic 
sulfur reach 2.6 mol/L near the chemocline (Li et al., 2011). To investigate these rapid 
sulfurization processes in Cariaco Basin, we measured sulfur isotopic compositions of 
extractable OSC from sediment traps. Our initial results indicate that extractable OSC are 
present immediately below the chemocline and that 34S values of individual OSC change 
significantly over the course of the year. We are currently expanding this dataset to more 
fully investigate OSC 34S patterns with time and depth.  In both the water column and 
sediments, reversible and irreversible sulfurization reactions will have different effects on the 
sulfur isotopic compositions of bulk organic and inorganic sulfur pools. 
 
Figure 1: 34S trends for individual OSC with depth. Sulfide, pyrite, polar bitumen sulfur 
(PBS), and bulk kerogen data are from Lyons et al., 2003, and Werne et al., 2003. (a) OSC 
34S values for different individual compounds in the extractable mixture range by as much 
as 23%. Nearly all of the OSC also become more 34S-enriched with depth, likely due to 
continuous formation from an increasingly 34S-enriched (poly)sulfide pool. Two compounds 
without a convincing 34S trend may not be forming continuously and are shown in (b). 
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The poster is dedicated to Alfred Treibs (1899-1983), the “father” of organic geoche-
mistry, and Hans Fischer, who discovered porphyrins. An International Symposium was held 
in 1999 in the large lecture hall at the Technical University (TU) of Munich to commemorate 
the 100th anniversary the birth of Alfred Treibs. The exhibition shown at the Symposium 
illustrated the work of Alfred Treibs and Hans Fischer and commemorated the establishment 
of a Chair of Organic Chemistry, which had celebrated its 125th anniversary a short time 
before. 
Treibs was a student under the Nobel prizewinner Hans Fischer, who discovered and 
synthesized porphyrins and particularly hemin, bilirubin and dihydrochlorophyll. 
At the end of 1920s, a lively controversy broke out amongst chemists as to whether 
petroleum was organic or inorganic in origin. Alfred Treibs dedicated himself to this problem 
between 1930 and 1935, analysing the organic constituents of Phanerozoic sediomentary 
rocks. During this work he identified derivates of chlorophyll in crude oils, bituminous rocks 
and lignites. He interpreted the chlorophyll derivates as dissociated porphyrins. These studies 
were true pioneering work and gave assistants of Hans Fischer a considerable reputation 
amongst chemists. 
At the 1999 Symposium mentioned above, a short review was given of the 125 years 
of research carried out by the schools of Organic Chemistry at the Munich Universities, at 
which numerous prominent scientists worked. A poster consisting of 20 plates provides a 
view of the lives, work and achievements of Hans Fischer and Alfred Treibs. 
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Pre-Hispanic Andean societies depended economically to a large degree on the 
extensive horticultural production of maize (Zea mays), the main staple food crop in the 
region. Carbonized maize and maize-based food residues can be identified in archaeological 
ceramics by a combination of chemical and stable carbon isotope analyses of preserved lipids 
by the use of gas chromatographic and mass-spectrometric techniques [1, 2]. The fatty acids 
profile and the relatively high δ13C values characteristic of C4 plants is used to unambiguously 
pinpoint the presence of maize residues in prehistoric artifacts. 
Archaeological finds at the West Tinogasta area in the Catamarca Province, NW 
Argentina record a long and discontinuous history of pre-Columbian human occupation from 
early hunter-gatherers to the Inka State in the south-central Andes. Here we report the results 
of the first chemical and isotopic analyses of organic residues in ceramic potsherds recovered 
from sites at Tinogasta covering two distinct periods, the Formative Period (450-1020 cal. AD) 
and the Inka State Period (1400-1550 cal. AD) that overlaps with the first Hispanic contact. 
The results were compared with reference samples derived from i) typical Andean food 
products including local maize landraces, beans (Phaseolus vulgaris), peppers (Capsicum 
annuum), and animal fat obtained from native llama (Lama glama) and introduced cattle (Bos 
taurus), and ii) three replicate test pots used each for cooking traditional Andean maize-based 
recipes, such as locro, mazamorra and pochoclo. The extracted lipids were analyzed by TLC, 
GC-FID, GC-MS and GC-C-IRMS. The reference food products showed a high concentration 
of triacylglycerols (TAG), low concentrations of diacylglycerols (DAG), monoacylglycerols 
(MAG) and free fatty acids (FFA), and significant amount of sterols. Relatively high amount 
of lipids were recovered from the test pots (18 to 0.25 mg/g) and the Tinogasta potsherds (0.5 
to 0.05 mg/g). The test pots had higher concentration of DAG, MAG and FFA than the food 
products, due to degradation during cooking. The archaeological samples had mainly FFA 
and sterols, with low amounts of partially hydrolysed acylglycerols, most probably due to 
degradation at the burial site. The fatty acid concentration ranges and concentration ratios are 
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given in Table 1. Andean maize landraces have similar FA profiles to those of commercial 
maize species, with high levels of oleic and linoleic acids. Archaeological samples compare 
favourably to test pots (Figure 1). The FA distributions are typical of degraded mixtures of 
vegetable oils (linoleic acid) and animal fats (myristic and stearic acids). Polyunsaturated 
acids tend to disappear in more degraded samples. Variability in the FA profiles within the 
archaeological samples set suggests differences in the type of food products stored/cooked 
and use of the pots. The first results of the on-going compound specific isotopic analyses 
showed high δ13C values for the main fatty acids in the archaeological samples, indicating that 
Pre-Columbian societies in the south-central Andes had maize and maize-based food as an 
important part of the daily diet. 
 
Table 1. Fatty acid concentrations and concentration ratios for reference food products, test 
cooking pots, and potsherds from Tinogasta. 
 
 
Figure 1. Boxplots of the main fatty acid concentrations in maize, test and Tinogasta samples. 
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Among the finds in Neolithic alpine lakeshore settlements excellently preserved bone 
and antler artifacts are found in large numbers [1]. Uses wear and production traces 
recognized on the surface of these artifacts include cutting, hammer or grinding traces, and 
also large bright and shiny areas. This brightness on small artifacts generally helps to explain 
the function of the tool (e.g., points made of bones from sheep, goat or roe deer used as 
needles or piercers). However this interpretation is less plausible when extensive shiny 
surfaces occur on big and massive artifacts made of bones from large ruminants like cattle or 
red deer. Frequently these artefacts show hammer traces at the rear side and a chisel edge at 
the front side. So other explanations for the origin of these big shiny surfaces is required. Our 
working hypothesis was that most of the bone and antler tools were periodically greased and 
oiled with animal fat or plant oil to prevent drying cracks. To explore this explanation, we 
studied the lipids staining the surfaces of freshly unearthed and not conserved bone and antler 
artifacts from the recent excavation at the underground parking garage for the Zurich opera 
house (Zurich, Switzerland) dating to about 3230 to 2729 BC [2]. A set of 10 bone and antler 
tools, covering distinct osteological and typological features was selected for lipid analysis. 
Most of the artefacts are made of bones from large ruminants (Cervus elaphus or Bos taurus), 
antler from red deer (Cervus elaphus) and one of a metatarsus from roe deer (Capreolus 
capreolus). The organic analytical approach includes lipid extraction from two part of each 
tool: the working/thinner part (extract A) and the handling/wider part (extract B), separation 
of acid and neutral lipid fractions, determination of the distribution of fatty acids and neutral 
lipids GC-MS, and compound specific 13C/12C analysis of the individual fatty acids by GC-C-
IRMS.   
Substantial amount of lipids were extracted from both parts A and B of al samples. 
The overall extractable lipid distribution is characterized by an important amount of animal 
sterols coming from the animal bones (cholesterol, cholestanol, coprostanol, epicholestanol), 
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waxy n-alkanes, n-alkan-1-ol and phytosterols (-sitosterol, sitostanol), and abundant 
saturated, mono- and ployunsaturated fatty acids in the C14- C24 range (Figure 1). The 
distribution, and 13C values of the main fatty acids clearly indicate that these archaeological 
samples represent specific tools deliberately fashioned, pre-treated and maintained with a 
preservative material based on vegetable oil, most likely obtained from Brassicaceae seeds or 
eventually Papaver somniferum seed. 
 
Figure 1. Representative GC-MS total ion chromatogram of the TMS derivatives of the 
unsaponifiable fraction of the lipids extracted from the bone or antler artifacts recovered at 
Zurich opera parking. 
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We have started to open a 4D open air memory from the upland moor of the Hautes 
Fagnes Nature Reserve in East Belgium (Fig. 1a) in order to differentiate natural from 
anthropogenic signals and to reveal a historical and geological/climatological record as 
complete as possible from this place. We plan to investigate peat profiles at sites with 
different vegetation (for mixed vegetation, see Fig. 1b) including at least one reference site 
with peat from sphagnum mosses as only for sphagnum mosses the relationship between plant 
isotopic composition and environment seems to be understood (e.g. Menot and Burns, 2001). 
 Generally, peat layers of high moors represent ideal archives potentially comprising 
continuous records of landscape changes due to geological processes and climate. For 
historical times, moors may preserve as well changes due to ancient human activities. The 
upland moor of the Hautes Fagnes has already proven to serve for both of the aforementioned 
objectives. Both dry/wet climate alternations and soil dust erosion by human activity have 
been made obvious (De Vleeschouwer, F. et al., 2012). Furthermore, the famous cobble stone 
pavement based on a wooden bridge-like construction from Roman and/or early Middle Age 
time (“Via Mansuerisca”, “Pavé Charlemagne”; Bastin, 1934; Streel at al., 2007, and 
references therein) constrain the upland moor of the Hautes Fagnes as historical archive, too. 
  Present screening investigations include radiographs, elemental analyses and first 
isotope and Curie-point pyrolysis-GCMS analyses directed to assign the predominating 
organic matter types. Presently, we are investigating the first peat profile HF-LB1 at site “La 
Béole” (Fig. 1c), a place of still active peat retrieval by the traditional local “Troufleurs”. So 
far, we were unable to detect specific layers for erosional dust as potential periods for 
intensified agricultural activity. Preliminary chemical results for selected peat samples exhibit 
96.2-97.5% loss on ignition (550°C), 51-55% total organic carbon contents and δ13C isotopic 
ratios of -25.9 to -27.1‰. 
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Fig. 1: Environment of peat bog at site La Béole-1 (Hautes Fagnes, E Belgium): (a) location 
(red square; map acc. to Naturpark Nordeifel e.V.), (b) vegetation and (c) peat profile HF-LB1 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 215 -
HPLC SEPARATION AND RADIOCARBON ANALYSIS OF BENZENE-
POLYCARBOXYLIC ACIDS: BLACK CARBON AND ANCIENT POTTERY 
 
Rienk H. SMITTENBERG1*, Merle GIERGA2, Maximilian SCHNEIDER3, Daniel 
WIEDEMEIER3, Stefano M. BERNASCONI2, Irka HAJDAS4, Lukas WACKER4, and 
Michael W.I. SCHMIDT2  
 
1. Department of Geological Sciences, Stockholm University, 10691 Stockholm, Sweden. 
2. Geological Institute, ETH Zurich, Sonneggstrasse 5, 8092 Zurich, Switzerland 
3. Department of Geography, Soil Science and Biogeography, University of Zurich, 
Winterthurerstrasse 190, 8057 Zurich, Switzerland 
4 Laboratory of Ion Beam Physics, ETH Zurich, Schafmattstrasse 20, 8093 Zurich, Switzerland 
*) Corresponding author: rienk.smittenberg@geo.su.se 
 
 
Pyrogenic Carbon, often referred to as ‘Black Carbon’ (BC), is the result of 
incomplete combustion of organic matter and consists of graphitic-aromatic structures with 
sizes that range from macroscopic (charcoal) to the molecular scale. Because of its spread in 
size, undefined exact chemical structure and insolubility, quantitative analysis of BC is 
inherently difficult (Hammes et al., 2007). Yet, knowledge about the fate of BC in the 
environment is very relevant because it may form a significant part of the long-term global 
carbon cycle: BC can make up to 30% of the total organic carbon in certain environments that 
experience regular wildfires, and degradation is presumably slow. Also, analysis of BC in 
sedimentary records may provide insight in past occurrence and intensity of wildfires, which 
is interesting from a paleoclimatic perspective. Lastly, radiocarbon (14C) dating of BC informs 
about the turnover time of BC in various environmental compartments, while it may also be 
of use in archaeological settings. One method to analyze the amount of BC and its degree of 
aromaticity - a proxy for charring temperature (Schneider et al., 2011) - consists of nitric acid 
digestion of BC-containing samples and subsequent analysis of the resulting benzene-
polycarboxylic acids (BPCAs) (Glaser et al., 1998; Schneider et al., 2011). We present an 
optimized, fast and reliable reverse-phase HPLC method that allows down-core screening of 
BPCAs of sedimentary records, soils, dissolved organic carbon, or of any other matrix 
(Wiedemeier et al., submitted). Secondly, an inter-laboratory assessment of reproducibility is 
presented. Finally, the HPLC method allows purification of individual BPCAs for subsequent 
molecular-scale radiocarbon dating. This approach, initially set up by Smittenberg et al. 
(submitted), was further optimized so that it now includes chemical oxidation to CO2 (Lang et 
al, 2012) instead of combustion. Radiocarbon dating of BPCAs was tested using modern and 
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ancient charcoal standards, and applied to date pottery from archeological sites that could 
otherwise not be dated in a reliable way.  
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In recent years, organic matter (OM) from bones and other skeletal elements has 
attracted increasing attention of researchers as a source of information on the evolution and 
adaptation of ancient animals. However, the taphonomic and diagenetic processes by which 
organic substances are preserved in animal remains are as yet not precisely known, and the 
syngeneity of metazoan biomolecules is notoriously a matter of scientific discussion. Here we 
report on lipid biomarker information preserved in a whale bone fossil from an Oligocene 
phosphatic limestone (El Cien Fm., Mexico). Extracts were analyzed by gas 
chromatography/mass spectrometry (GC/MS), and demineralized extraction residues were 
subjected to catalytic hydropyrolysis (HyPy) and subsequent GC/MS of the resulting 
saturated kerogen pyrolysates. To better recognize potential authentic (i.e., whale-derived) 
lipids, particular precautions were taken to avoid contaminations, and the biomarker data from 
the ancient bone were compared with those obtained from (i) the immediately adjacent host 
sediment of the bone fossil, and (ii) a recent whale vertebra (Phocoena phocoena). 
Interpretations were aided by petrographic thin section analysis. In addition, the spatial 
distribution of organic and inorganic OM species in the ancient bone was studied at the 
microscopic level using time-of-flight-secondary ion mass spectrometry (ToF-SIMS). The 
results showed a strong influence of the mineral matrix on the yield of extractable fatty acids 
particularly in the ancient samples. Less than 10% in the recent, but more than 90% of total 
fatty acids in the ancient bone could only be extracted after HCl-dissolution of the 
carbonate/phosphate rock matrix. In the ancient bone, animal-derived fatty acids including 
monoenoic n-C16 and n-C18 fatty acids could be robustly identified, as indicated by 
correspondence with the Recent reference sample, and a minor abundance of these 
compounds in the host sediment. The latter, instead, was rich in long-chain fatty acids and 
dicarboxylic acids of terrigeneous origin, which were much less abundant in the bone fossil. 
A distinct preference of the n-C16 and n-C18 alkanes in the HyPy pyrolysates of the ancient 
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bone pointed at the preservation of further bone lipid moieties in the non-soluble kerogen 
fraction. The kerogen-bound fraction accounted for about 30% of the total n-C16 and n-C18 
moieties. In addition to these putatively animal-derived compounds, ample pyrite framboids 
in the carbonate-cemented bone marrow cavities, and clear signals of iso-/anteiso and 10-
methyl fatty acids and alkanes (after HyPy) suggested that sulfate reduction was a crucial 
degradation process of bone lipids immediately before diagenetic recrystallization, carbonate 
precipitation and thus, fossilization of bone OM. ToF-SIMS imaging of a 5 × 5mm2 area on a 
rock section revealed that most hydrocarbon- and oxygen-containing organic moieties were 
localized in the ancient bone trabeculae. Other organic species, in particular nitrogen-
containing compounds, showed a more cluster-like arrangement in the former bone marrow 
cavities and may thus represent remains of microbial OM or, alternatively, sedimentary OM 
that had been washed into the porous bone structure before diagenetic cementation. The 
results highlight some of the degradation and preservation mechanisms effective during lipid 
diagenesis in the ‘natural laboratory’ of bones, and thus, the processes that lead to either 
degradation or preservation of these widespread biomolecules in the fossils of ancient marine 
animals. 
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In the course of the investigation of the lipidic extracts from wooden remains from a 
Merovingian tomb (7th Century, Ichtratzheim, France) aimed at determining the nature of the 
wood used for the walls of the tomb chamber, a novel series of nitrogen-containing 
hopanoids could be evidenced. These compounds were postulated to be C31-C33 hopanoid 
nitriles (1, 2, 3) based on the occurrence in their mass spectra of a common fragment at m/z 
191, of intense even fragments at m/z 216 + n x 14 and of odd molecular ions ([M+] 437 + n x 
14) (Fig. 1a). The C32 homologue was unambiguously identified by comparison with a 
standard obtained by synthesis using a procedure adapted from that described by Iida and 
Togo (2007) for the synthesis of nitriles from aldehydes and based on the treatment of C32 
hopanoid aldehyde with molecular iodine and aqueous NH3 in THF.  
From a chemical point of view, the formation of the hopanoid nitriles from 
biohopanoid polyols could be explained by a process comprising two steps: an oxidation step 
leading to the shortening of the functionalized side chain and a step in which nitrogen is 
incorporated. The latter step implies that a relatively abundant source of nitrogen is available. 
In the context of the investigated wood remains, found in an agricultural area, oxidants are 
certainly largely available, notably in the form of molecular oxygen diffusing from the 
surface or as hydrogen peroxide produced during wood degradation by wood-rotting fungi 
(e.g. Koenigs, 1974). Possible sources of nitrogen could be residual nitrogen from the buried 
body (Filley et al., 2001) or ammonium from the fertilizer used to amend the fields. 
The formation of C31 and C32 hopanoid nitriles (1, 2) in small amounts along with 
hopanoid aldehydes and acids in laboratory experiments involving acetylated 35-
aminobacteriohopane-32,33,34-triol derivative 4 as a model compound, hydrogen peroxide 
and NH3 (Fig. 1b) provides support to the postulated formation process. 
Further studies aimed at determining the nitrogen source are currently underway. 
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Figure 1: (a) Structure and mass fragmentation pattern of C31-C33 hopanoid nitriles identified 
in archaeological wood remains. (b) Formation of hopanoid acids, aldehydes and nitriles upon 
treatment of 35-aminobacteriohopane-32,33,34-triol derivative 4 with ammonia and hydrogen 
peroxide. 
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There is clearly a need, in the frame of archaeometric investigations, for reliable 
biomarkers allowing wood species determination of archaeological remains. Such biomarkers 
are useful in particular when the wooden items (e.g. waterlogged wood from shipwrecks or 
wooden items in tombs) are too altered to be identified on a morphological basis. Thus, 
analysis of the terpenic content of buried wood of a given tree species and comparison with 
that of the corresponding fresh wood offer the unique opportunity to investigate the 
relationship linking unambiguously precursor molecules with their fossil counterparts. Such 
studies might thus lead to the identification of new biomarkers with a potentially high 
chemotaxonomic value and to the elucidation of diagenetic transformation pathways of land 
plant terpenoids. Such has been recently the case in a study carried out by our group and 
devoted to oak wood which led to the identification of triterpenoids bearing an unprecedented 
oxygenated functionality at C-2 (Schnell et al., 2012). 
We report the molecular investigation by gas chromatography-(high resolution)-mass 
spectrometry (GC-(HR)MS) of the lipidic constituents from several samples of buried wood 
found in a palaeochannel of the Rhine and of related bark from alder and birch (Betulaceae 
family) with focus on their triterpenic composition. The triterpenoid biomarker contents were 
compared to the triterpenoid assemblages from the related living tree species (Alnus glutinosa 
L., Betula pendula Ehrh.). In the case of the buried samples, a good preservation of the 
biogenic triterpenes from the bark was observed. The triterpenic biomarkers are characterized 
by the predominance (birch) or a significant contribution (alder) of lupane-related triterpenes 
(1, 2, Fig.1). Triterpenes from the oleanane series also occur in significant amounts in the 
alder and most likely derive from compounds such as glutinol and taraxerol. In contrast to 
oak wood, in which C-2,C-3 dioxygenated triterpenoid precusors are abundant,  the 
triterpenoids from birch and alder are dominated by “classical“ C-3 functionalized 
compounds. As a consequence, degradation of the parent triterpenoids in birch and alder 
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upon burial does not follow the novel pathway highlighted for oak wood triterpenoids which 
has been shown to lead to C-2 functionalized triterpenoids (Schnell et al., 2012). Instead, it 
follows the degradation/aromatization pathways reported for C-3 oxygenated triterpenes (e.g. 
Wolf et al., 1989) (Fig. 1). However, ring A degradation seems to be a rather minor process. 
Besides, we could observe for both birch and alder the formation of phenolic compounds 
(e.g. 3, 4, Fig.1) which could be formed according to the process proposed by Simoneit et al. 
(2003). These compounds have up to now not been reported from sediments but only from 
brown coal by Simoneit et al. (2003) or, here, from buried wood. It can therefore be proposed 
that the process involved in their formation mainly affects triterpenoids in buried wood and 
not triterpenoids from other tree compartments (e.g., leaves). This process is possibly 
biologically induced by microorganisms able to thrive in wood and involved in wood 
degradation. Surprisingly, although betulin 5 is a major constituent of Betulaceae, no 
biomarker potentially resulting from early diagenetic alteration of betulin 5 such as, for 
instance, mono- or diaromatic lupane-related triterpenoids bearing an oxygenated 
functionality at C-28, could be detected in the investigated samples except compounds 6 and 
7 present in trace amounts. 
 
Figure 1: Early diagenetic transformations of lupane-related triterpenoids in buried wood and 
bark from Betulaceae. 
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Human burials in the archaeological record provide a unique insight into the social, 
cultural and spiritual attitudes of our ancestors.  Archaeological investigation of human 
burials focusses mainly on the recording, examination and interpretation of the visible human 
remains, grave goods, burial structures and soil features. While the soil immediately 
associated with the buried remains has been examined for physical traces of diet or health 
such as seeds, pollen or parasite eggs (Reinhard et al., 1992; Berg, 2002), it has rarely been 
examined in detail and is often discarded. 
Grave soils and sediments in direct contact with recently buried remains have been 
shown to retain related organic chemical signatures, such as the degradation products of 
adipose tissue (Forbes et al., 2002; Bull et al., 2009).  Relatively little is known, however, 
regarding the preservation of organic signatures in the burial soils of older graves.  The 
organic signatures have the potential to reveal information relating to burial practice, clothing, 
medicinal treatments, food ingested peri-mortem and the decay trajectories of organic 
materials within the grave. 
Here we present some of the results arising from the InterArChive project which is 
applying a combination of approaches: organic geochemistry and soil micromorphology, to 
characterise the organic matter residing in archaeological grave soils.  Graves from a wide 
variety of ages and burial environments have been studied, examining the distributions of 
organic components of solvent extracts by gas chromatography (GC) and GC coupled with 
mass spectrometry and in the insoluble residues by thermal desorption pyrolysis GC.  Distinct 
differences from the background signatures, assessed from control samples, are apparent in 
many of the graves with signatures attributable to specific sources being identified within the 
complex distributions of organic constituents.  Through this, the project is building an 
understanding of the nature and variability of the organic matter in grave soils and revealing 
characteristic signatures such as degradation products of the body tissues, the deliberate 
inclusion of plant material (possibly funerary flowers), the nature of coffin wood and coffin 
treatments (e.g. Fig. 1), food ingested shortly before death, and clothing.  These results 
demonstrate that valuable records relating to archaeological burials are preserved in the 
organic signatures contained within the soils. Hence, the study is providing data and sampling 
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recommendations to inform future investigations of archaeological burials in order to 
maximise the amount of information retrieved. 
 
 
Figure 1.  Partial ultrafast FID gas chromatogram of the aromatic fraction of an extract of 
grave soil taken adjacent to the right elbow.  The fraction exhibits a signature indicative of 
thermally altered conifer resin believed to have been used to treat the coffin.  
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Physical examination of artefacts recovered from archaeological sites can provide 
unique insights into the cultural, ritual and social practices of the previous inhabitants. The 
physical and chemical composition of such finds can often provide much complementary 
information, regardless of how complete, well preserved or small the finds are. Many organic 
polymeric materials – such as wood – can degrade relatively quickly on the archaeological 
timescale, but the small amounts that can remain often yield useful data.  
Wood is composed of a complex mixture of the polysaccharides cellulose and 
hemicellulose together with lignin. The cellulose and hemicellulose components of wood 
appear to decay very rapidly on the archaeological timescale, whereas lignin (albeit modified) 
has a greater resistance and some is still present in old samples (Perez-Ceollo et al., 1997). 
Lignin is a large, cross-linked phenylpropanoid biopolymer contained within the plant cell 
wall. The main lignin monomers are three phenylpropanoid alcohols (or monolignols); para-
coumaryl alcohol (4-[(E)-3-hydroxyprop-1-enyl]phenol), coniferyl alcohol (4-(3-hydroxy-1-
propenyl)-2-methoxyphenol) and sinapyl alcohol (4-(3-hydroxyprop-1-enyl)-2,6-
dimethoxyphenol). The composition of the lignin and ratio of the phenylpropanoid subunits 
incorporated is dependent on the type of tree. Angiosperm lignin comprise both syringyl (2,6-
dimethoxyphenol) and guaiacyl (2-methoxyphenol) subunits, whereas gymnosperm lignin 
comprises exclusively guaiacyl subunits (Ralph, et al., 2001). 
Several studies of fresh woods and of very specific sets of archaeological woods have 
illustrated the suitability of sequential thermal desorption, pyrolysis and gas chromatography 
(TD/Py-GC) to characterise the biopolymers of which lignins are comprised (Shedrinsky et al., 
1989).  
The data presented here is a component of the work carried out as part of the 
InterArChive project. The focus of this aspect of study is the analysis of archaeological wood 
- primarily coffin woods - obtained from different geographical regions of Europe and 
representing sites of different age – using TD/Py-GC. The objectives are to gain specific 
information relating to the individual burials and to evaluate the extent of preservation that is 
required for useful information to be gained from the remnants of wooden objects. In addition, 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 226 -
a library of data is being constructed with a view to drawing more general conclusions about 
the decay of wood within different burial environments. 
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Teotihuacan is considered to be the most important city in Mesoamerica with its 
influence being seen all over the region. However, very little is known about the specific 
details of the how the people lived as, unlike the Mayas or the Aztecs, the people of 
Teotihuacan did not leave any written records. Thus, the material archaeological evidence is 
critical to reconstruct the details of how this major early city functioned economically and 
culturally. Macro-botanical and zooarchaeological evidence has shown that the diets of the 
people were based on maize and beans, with a relatively low intake of animal protein. 
However, if maize and beans are not consumed in the right proportions several macro- and 
micronutrients can be missing from the diet causing nutritional problems. Indeed, 
oesteoarchaeological investigations of the human skeletal remains suggest nutritional stress 
was prevalent within the Teotihuacan population.  In order to overcome dietary deficiencies it 
has been suggested that the consumption of pulque might have been commonplace. Pulque is 
a white viscous alcoholic beverage made from the fermented sap of several species of maguey 
(Agave) plants. Consumption of pulque would have gone some way to overcoming protein 
deficiency in the Teotihuacanos diet. However, direct evidence for pulque production is 
lacking. This project considers the use of absorbed organic residues preserved in 
archaeological pottery to provide evidence for pulque production and consumption at 
Teotihuacan. The detection of alcoholic beverages is extremely challenging archaeologically. 
Several attempts have been made to identify alcoholic beverages in pottery, proposing 
ubiquitous compounds that are either highly reactive, e.g. ergosterol, or water soluble, such as 
tartaric acid, making the identification of organic residues of alcoholic beverages a 
controversial area. However, in this case the unusual fermentation process in pulque 
production offers a potentially specific means of identifying this activity. The major 
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bacterium involved in pulque fermentation is Zymommonas mobilis that, together with yeast, 
produces the alcohol. In order to be able to resist ethanol stress the membrane has adapted, 
producing considerable concentrations of hopanoids, i.e. ca. 30 mg g-1 dry cell mass, mainly 
as ether and glycosidic derivatives of tetrahydroxybacteriohopane.  These pentacyclic 
triterpenoids, biosynthesised by many prokaryotes, have been extensively used as biomarkers 
in studies of ancient sediments and crude oils. Herein, we report the use of hopanoids as 
biomarkers of the Pre-Hispanic drink pulque. Absorbed organic residues analysis was 
performed on archaeological potsherds of different vessel forms (olla, crater and amphora; 
150 B.C.-700 A.D.). GC-MS profiles of lipid extracts recovered from these potsherds 
comprise mainly fatty acid and n-alcohols, where sometimes the C32 long-chain alcohol maize 
biomarker was identified. However, an unusual lipid distribution has been observed in a 
number of characteristic amphorae suspected typologically to have been used in pulque 
production.  The latter show abietic acid derivatives as main the compounds, suggesting the 
sealing of the pots with coniferous resin, not observed in any of the other potsherds. In 
addition, selected ion monitoring analyses (m/z 191) showed that only these vessels contained 
hopanes. The presence and αβ configuration of hopanes, combined with the form of the 
amphorae, their etched inner walls and known low pH of pulque, provides compelling 
evidence for the production of pulque at Teotihuacan. 
a)         b)  
Figure 1.  Comparison of SIM (m/z 191) chromatograms from: a) a pulque amphora 
containing hopanes, and b) a ‘cooking’ pot lacking detectable hopanes. 
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In terrestrial environments, the hydrogen isotope composition (δD) of rainwater is a 
relevant tracer of the water cycle. Indeed, δD of precipitated water is highly influenced by 
hydrological parameters like the distance from oceanic areas, the evaporation rate, altitude 
and water stress. This isotopic signature can be recorded by terrestrial plants through the δD 
of their organic tissues even if a biological fractionation inevitably induce a shift between the 
δD of the rainwater and of the plants. Furthermore, vascular plants are composed of organic 
matter that is rather resistant to diagenetic degradation (cutin, lignin, resin) and the δD 
initially borne by the plant can be kept by fossil plants or by their specific molecular 
biomarkers. However, during the diagenesis, chemical transformations (release of oxygenated 
functions, saturation, aromatisation, polymerisation, etc.) lead to a global loss of hydrogen 
and can modify the δD of the plant. Therefore, in order to determine the δD of palaeo-
rainwater using fossil plants or specific plant biomarkers preserved in sedimentary rocks, the 
shifts of δD that occur during the biosynthesis and the diagenesis  must be known. 
This work focuses on the influence of the diagenesis on the δD, which, to this day, 
remains the main obstacle preventing an efficient use of hydrogen isotopes for 
palaeoenvironmental assessment. Artificial maturation using confined pyrolysis is a suitable 
tool for experimentally simulating the diagenetic transformations. Indeed, this technique 
proved to be successful in the conversion of conifers bioterpenoids into their diagenetic 
terpenoids (geoterpenoids). Twigs and leaves of five Pinus sylvestris were submitted to 
artificial maturation by confined pyrolysis at 300°C, 700 bars during 24 hours. Pinus 
sylvestris was chosen for its large geographic distribution in the world and could thus be 
found in many regions characterized by different δD of the rainwater. Pinus samples were 
collected from regions with different rainfall δD : Chicago (USA, -50‰), Denver (USA, -
101‰), Salt Lake City (USA, -88‰), Shaoxing (China, -41‰) and Nancy (France, -57‰). 
δD of fresh plants and their corresponding pyrolysates were measured on bulk 
material. For each Pinus sylvestris sample, δD values of the corresponding rainwater, of the 
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fresh plant and of its pyrolysate are shown on Figure 1. Due to the isotopic fractionation 
during the water assimilation by the plant and to biosynthesis processes, measured δD of bulk 
fresh plants are more negative than rainwater. It is worth noticing that this shift varies from 4 
to 20‰. Experimentaly fossilized Pinus sylvestris present systematically lower δD than the 
corresponding fresh plant and the isotopic shift is around 50‰. Unlike the δD shift between 
the rainwaters and the fresh plants, this one is particularly constant.  
The constant decrease of δD related to maturation is a very interesting result. Indeed, 
it demonstrates the possibility to precisely define the δD shift related to the diagenetic 
processes affecting the plant remains. From there, it would be possible to determine the initial 
δD value of fossilized plants. Currently, it is difficult to link the δD of pyrolysed/fossilized 
plants to the δD of rainwater because of the variability of the isotopic shift induced by the 
water assimilation and biosynthesis. This variability is probably linked to the fact that the 
isotopic fractionation between rainwater and plants varies in function of the tissues (cuticular 
wax, resin, lignin, etc.). Observed variability could be explained by the fact that plant samples 
contained different proportions of the each tissues constituting the twigs and leaves of Pinus 
sylvestris. This kind of problem, inherent to the plant sampling, can be solved via the analysis 
of specific plant biomarkers like terpenoids which originate from the resin.  
Thus, molecular isotopic analysis of specific biomarkers like retene is a very 
promising approach for the determination of palaeo-rainwater δD.  
 
 
Figure 1.  Hydrogen isotope composition (δD) of fresh and experimentally fossilized Pinus 
sylvestris as well as their corresponding rainwater coming from 5 different localities. 
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More or less well preserved organic coatings made from plant and wood products can 
be found in archaeological investigations, in particular on wrecks. Key issues in the study of 
such materials are the determination of the biological and geographical origins of the natural 
substances used, of their mode of preparation, and of their degree of alteration. In this context, 
a molecular and isotopic study (using GC-MS, LC-MS, GC-IRMS) has been carried out to 
investigate organic materials (likely conifer resins and pitches) collected from several wrecks. 
The samples have been collected from two wrecks (“La Dauphine” and “L’Aimable Grenot”) 
of La Natière reef in Brittany, from the "Mary Rose" wreck located north of the Isle of Wight, 
and from other wrecks from the Mediterranean area. The samples consist of tar-stained ropes, 
protective coating of the hull and organic material stored in a barrel. Focus was put on the 
search for diagnostic molecular markers characteristic of conifer-related materials comprising, 
mainly, diterpenoids of the abietane and pimarane series. Our study allowed unambiguous 
identification of various materials from the wrecks as pitch (pine tar) or stuff, a composite 
material made of pine tar, fat and sulfur, notably, as shown in a previous study on another 
wreck by Charrié-Duhaut et al.(2009). 
Currently, identification of resins, pitches and other conifer tars is mainly based on the 
presence of about a dozen aromatic and acid diterpenoids (Connan et al., 2002; Otto et al., 
2007; Charrié-Duhaut et al., 2009), which is generally not sufficient to obtain precise 
information regarding the nature of the archaeological materials, the conditions of their 
preparation, in particular when the genuine molecular diagnostic fingerprint is altered due to 
ageing. In the present study, novel molecular criteria could be established allowing the nature 
and intensity of alteration processes undergone by the samples, as well as the nature of the 
studied material (e.g. resin vs. tar), to be determined, even in the case of severely altered 
samples. In particular, specific analysis of archaeological samples collected on wrecks from a 
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marine environment or from a pine tar production site (“terrestrial” context) enabled us to 
compare alteration processes in various environments. Thus, for instance, tetrahydroabietic 
acid 1 (numbers refer to structures shown in Fig. 1) is predominantly formed under the 
conditions prevailing in anoxic sediments whereas keto- and hydroxyl-aromatic diterpenoids 
are preferentially formed under oxic conditions. Furthermore, we have identified a novel 
series of methoxyphenol diterpenic esters 2-4 which enables discrimination between conifer 
tars and altered resins to be made. These compounds result from the reaction (esterification) 
of dehydroabietic acid 5 with methoxyphenols 6-8. The latter, absent in the resin, are likely 
formed upon pyrolysis of lignin during preparation of pitch from pine wood.  
Compound-specific δD analysis of aromatic diterpenoids from archaeological pine tars 
shows a significant and systematic increase of the δD values with the progressive increase of 
the degree of aromatization. The important variations of the increase of the δD values 
between the samples might notably be correlated with the mode of preparation (temperature, 
duration of heating) of the studied tars. Further studies to evaluate the possible correlations 
between compound-specific δD and δ13C values and geographical origin of the diterpenoids 
from these archaeological samples are currently underway. 
 
Figure 1.  Structures cited in text 
 
The Mary Rose samples were excavated by the Mary Rose Trust. Rope samples from the 
Natière wrecks were excavated by ADRAMAR and DRASSM.  
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Leather has been used since prehistoric times to make clothes, containers or furniture. 
Remains of leather are numerous in waterlogged archaeological layers and have been 
abundantly studied. Tanning processes, which transform animal skin into leather, are not 
precisely documented before the Medieval Period. However, the main steps of tanning 
processes are believed to have remained fairly unchanged and include successive baths. The 
first step most likely consisted in soaking in alkaline mixture such as lime for Medieval 
Period in order to remove hairs (liming). Skins were then rinsed with acqueous mixture 
containing grounded plants and/or animal dejections in order to remove the lime. Afterwards, 
the skin was put in successive baths with vegetal substances, which have various tannin 
concentrations. Oak or beech barks were probably among the most commonly used tanning 
agents. Numerous mineral and organic components involved in the processes are quoted in 
literature but their uses are little known, especially for the Roman Period. Pits used for 
soaking the skins were circular or square hollows directly dug in soils. At the bottom of the 
pits, layers resulting of use can be found fossilized by further deposits such as organic and 
mineral wastes and / or colluviums.  
This study focuses on the characterization of organic matter in archaeological tanning 
pits with an integrated approach combining micromorphology and geochemistry. It further 
aimed at better understanding tanning processes along human history. Two pits were studied: 
(i) a reference pit of the Medieval Period, which was undoubtedly identified as a tanning pit 
(medieval town of Saint-Denis, 10km north or Paris, 16th cAD) and (ii) a pit from the Roman 
Period hypothesized as a tanning pit, as it is part of cluster of pits in the vicinity of a large 
butchery and of a river  (roman town of Famars, France-Belgium boundary, 3rd cAD). 
Sediments from the bottom of both tanning pits were sampled, examined under microscope, 
and analyzed for their bulk carbon, nitrogen and phosphorus content, as well as molecular 
lipidic content.  
Micromorphological study showed a high amount and diversity of organic 
components in the two pits. At Saint-Denis, fragments of lime with calcitic hair 
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pseudomorphoses were identified, as well as plant remains (e.g. charcoals and decaying 
vegetal fragments) and bone splinters. At Famars, micro-lenses and layers were intercalated in 
the mineral matrix. Lenses and layers were composed of burnt and decaying vegetal remains 
in a yellow calcareous (ashes, lime) and possibly phosphatic matrix. A few coprolithic 
fragments and bones were also identified. 
Solvent extraction of sediments from both pits yielded substantial amounts of lipids: 
0.1 wt% for Saint-Denis and 0.3 wt% for Famars. Preliminary analyses by gas 
chromatography-mass spectrometry revealed complex mixtures of various components. 
Solvent extracts from both pits were dominated by plant lipids: homologous series of long 
chain aliphatic molecules (odd n-alkanes, even n-acids, even n-alcohols) and phytosterols (-
sitosterol, campesterol, stigmasterol). A triterpenoid typical of Angiosperms, friedelin, was 
also identified in Saint-Denis. Animal sterols, cholesterol and ethylcoprostanol, were also 
present in extracts from both pits. A few organophosphatic molecules were detected in 
Famars. Additionally, ubiquitous compounds were present in both extracts, such as short 
chain acids and glycerol esters. 
Micromorphological and chemical analyses are under progress to further precise the 
composition of organic matter in the studied tanning pits. Nevertheless, complementary 
micromorphologic and chemical signature could be established for the reference tanning pit of 
Saint-Denis. In this site, lime fragments evidenced processes of liming skins. Animal sterols 
and hair pseudomorphoses are in agreement with the presence of animal skins in the pit. 
Coprostanol may further indicate lime washing with water-dejection mixtures. The plant 
fragments and biomarkers identified are in accordance with the use of vegetal tanning agent. 
The occurrence of friedelin that was notably previously reported in oak, may provide 
evidence for the use of oak bark for tanning. It is noteworthy that no coprolithic material was 
detected under microscope examination although coprostanol was identified. This emphasizes 
the complementarity of micromorphology and lipid biomarkers. 
Most of the organic matter constituents identified at Famars were also identified in the 
reference tanning pit of Saint-Denis. The microscopic components and biomarkers identified 
are thus compatible with the use of Famars pit as a tanning pit. Moreover, the phosphato-
calcareous matrix of the micro-lenses, and organophosphatic molecules may indicate liming 
and post-liming washing with dejection mixtures. The absence of friedelin in Famars is 
notable; it may be due to different diagenetic conditions and/or differences in the tanning 
processes. 
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For ancient societies, the control of agriculture and animal domestication were 
extremely important to their development. After having domesticated different animals as 
livestock, ancient societies developed techniques such as manuring to improve culture yields. 
There are numerous evidences in archaeological records of animal breeding (bones, 
coprolithes, spherolites). Reversely, despite few studies dedicated to buildings and caves, the 
only evidence for manuring and breeding out of archaeological context, were acquired on 
recent soils (Bull et al., 1998; Birk et al., 2011). The aim of this study is to test the potential of 
faecal biomarkers preserved in soils to spatially resolve (at the field-scale) the strategies of 
land use (buildings, breeding and manuring) in ancient times. For this, faecal biomarkers 
(sterols and bile acids) of animals (Humans, cow, horse, pig and sheep), sediments from a 
septic tank (beginning of 19th century) and soils of distinct land use (pasture and forest) were 
characterized. Then, archaeogical samples were analysed: (i) agricultural soils, middens and 
settlement layers dated back to the Bronze Age in Lake Bourget shore, (ii) settlement layers 
recovered during excavations in a medieval building (15th century, Orléans).  
Sterols and bile acids were isolated from archaeogical samples following Zocatelli et 
al. (2012). Neutral fraction was further separated by flash chromatography. The alcohol 
fraction was silylated and analysed by GC-MS with a Polaris TRACE-GCQ. From  the twenty 
sterols and bile acids identified, the following faecal biomarkers were found: coprostanol (Cp), 
methyl-coprostanol (mCp), ethyl-coprostanol (eCp), lithocholic acid (LC), deoxycholic acid 
(DOC), cholic acid (C), chenodeoxycholic acid (CDOC), hyodeoxycholic acid (HDOC), 
ursodeoxycholic acid (UDOC) and 3α-hydroxy-12-oxo-5β-cholanoic acid (oxoDOC). To 
identify possible sources of faecal compounds, bile acid imprints and sterol ratios were 
employed: 1) (Cp+epi-Cp)/(eCp+epi-eCp); 2) (Cp+epi-Cp)/(Cp+epi-Cp+5α-cholestanol); 3) 
(Cp+epi-Cp)/cholesterol. 
Sterol content of animal faeces clearly distinguished two groups: omnivores (Humans 
and pig) and herbivores (cow, horse and sheep). Then, Human and pig imprints were 
distinguished from bile acids. Faecal biomarkers were detected in all archaeogical samples (i 
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and ii) and allowed the distinction between omnivores, herbivores and mixed faecal 
biomarker imprints in the sample set. 
Samples from middens of Lake Bourget catchment contained a mixture of Human and 
breeding faecal sterols. Bile acids corroborated these results. Furthermore, faecal biomarkers 
detected Le Bourget catchment soils formerly cultivated for millet, evidenced past manuring 
practices (mCp, eCp and DOC). High contents of coprostanols (Cp and eCp) and bile acids 
(LC, DOC and C) in settlement layers from Lake Le Bourget shore evidenced the co-
occurrence of animals in the same area. Analysis of faecal materials from a medieval building 
in Orléans revealed only Human occupation (Cp, LC, DOC, CDOC, C and oxoDOC).  
Finally, this study showed that faecal biomarkers are efficient to provide information on the 
use of space in areas inhabited by humans. From a more general point of view, these results 
illustrateed that faecal biomarkers could reveal how Human societies shaped their 
environment through times. 
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The significance of meat-eating is central to understanding the evolution of our 
species. While considerable evidence indicates that the ancestral line giving rise to humans 
was strongly herbivorous, little is known about when meat became sufficiently important in 
the diet to influence human biology. An increasing use of meat possibly led to human 
digestive anatomy differing from that of other great apes. However, approaching the evolution 
of the digestive system is difficult because soft tissue leaves no fossil record.  
Fecal biomarkers have proven to be a valuable analytical tool in the identification of 
the likely source of fecal matter and can provide direct evidence of different digestive system 
types and dietary preferences. This approach has successfully been applied in archaeology to 
distinguish between modern human and ruminant fecal matter. Here, we present GC/MS data 
from El Salt, Spain, a Neanderthal site dating to ca. 50,000 yr. BP, representing the oldest 
positive identification of fecal matter using organic geochemistry methods. We also present 
preliminary data from analysis of wild chimpanzee and gorilla feces to distinguish biomarkers 
that are unique to humans from those that characterize great apes.  
Our results show that Neanderthals, like anatomically modern humans, have a high 
rate of conversion from cholesterol to coprostanol due to the presence of the required 
bifidobacteria in their guts. The occurrence of high proportions of coprostanol and a near 
absence of 5β-stigmastanol suggests that the Neanderthals from El Salt had a meat based diet. 
This data has implications regarding Neanderthal diet, digestive systems and gut microbiota.  
Our primate data provides a foundation for future investigations of early hominin fecal 
matter. The differences in fecal steroidal fingerprints between anatomically modern humans 
and primates are strong and provide a framework to determine the timing of significant 
dietary change in human evolution. The first substantial meat eaters (probably around 2,5 
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million years ago) were presumably not prepared for a diet with high meat intake.  
Cholesterol increase from meat intake should be indicated by an abrupt enrichment in 
coprostanol and an associated shift of 5β-stigmastanol values. Based on our positive results 
with ca. 50 ka old Neandertal samples and the preservation potential of sterols in ancient 
sedimentary environments we suggest that this hypothesis is testable from fossil material. 
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Mumiyo, also known as shilajit and other less prevalent regional names, is a 
physiologically-active exudation that seeps from rocks of different mountainous regions and 
is used in traditional folk medicine. Being a complex mixture of organic matter occurring in 
rock rhizospheres mumiyo has been found to consist mostly of humic substances (~80%) 
(Agarwal et al., 2007). Different analytical methods were used to study mumiyo and its 
fractions, especialy fulvic (Khanna et al., 2008). The aim of the proposed work was a 
structural study of mumiyo originated from different mountain ranges using modern physico-
chemical analytical techniques, such as FTICR mass-spectrometry and NMR spectroscopy. 
Three pharmaceutical mumiyo preparations from Altai mountains (South Siberia, 
Russia), Himalayas (India), Tien Shan (Kyrgyzstan) and one raw mumiyo sample from 
Dzungarian alatau mountains (Eastern Kazakhstan) were studied. FTICR mass spectra were 
aquired on 7-Tesla Finnigan LTQ FT mass spectrometer (Thermo Electron, Germany) 
equipped with electro spray ion source (Finnigan Ion Max Source). The samples were 
dissolved in methanol and diluted to 10 mg/l. All mass spectra were acquired in negative ion 
mode. Home-designed software Transhumus was used for automatic FTICR data processing. 
Solution state 13C NMR spectra were acquired using Avance 400 spectrometer (Bruker, 
Germany) operating at 100 MHz carbon-13 frequency. The spectra were recorded on the 
samples dissolved in 99,9 % D2O at concentration of 80 mg/ml, with a 5 mm broadband 
probe.  
Van Krevelen diagram constructed on basis of mass-spectral data demonstrated two 
areas of dots (Figure 1). The first one, of low H/C and O/C values, corresponds to aromatic 
molecules; the second, more extensive, is characteristic mainly for aliphatic structures, such 
as terpenoids, amino acids and hydrocarbons. The raw sample (Dzungarian) was characterized 
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by distinctly less oxydized molecules than pharmaceutical mumiyo preparations irrespective 
of its geographical origin, this was also confirmed by NMR data (Table 1).  
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Figure 1. Van Krevelen diagram of the samples studied, constructed from ICR MS data. 
 
Table 1. The samples studied structural characteristics obtained from 13C NMR and ICR MS  
Mumiyo 
samples 
Atomic ratios averaged (from MS) Structural ratios (from NMR) 
O/C H/C CHnO/CHn C(arom)/C(aliph)
Altai 0.40 1.44 0.90 0.75 
Himalayas 0.38 1.42 1.68 0.59 
Tien Shan 0.39 1.42 0.92 0.62 
Dzungarian 0.29 1.42 0.60 0.56 
 
The conclusion was made that chemical space of mumiyo organic matter is 
characterized by two definite areas of mainly aromatic and manly aliphatic nature 
correspondingly. To reduce molecular complexity and obtain more exact structural 
information mild hydrolysis methods could be used before mass-spectrometry analysis.  
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Organic chemical and microscopic remains present in archaeological grave soils have 
the potential to reveal a wealth of information about the individual, burial practises and 
objects interred with the body.  Crucial to interpretation of the signatures is an understanding 
of the degradation trajectories of organic materials within burial environments.  The work 
described here focuses on the analysis of signatures arising from body tissues, particularly the 
major triacylglycerols (TAGs) of body fats.  The TAGs, a class of natural product that 
exhibits considerable structural variation and which occur widely in fats and oils, have the 
potential to reveal decay trajectories of organic matter in distinct burial environments as 
illustrated by the analysis of adipocere in grave soils (Forbes et al., 2002; Bull et al., 2009). 
As part of a comprehensive study of archaeological graves soils (InterArChive), 
organic extracts from grave soils of different ages, cultures and soil types have been analysed 
by high performance liquid chromatography-mass spectrometry (HPLC-MS) and gas 
chromatography-mass spectrometry (GC-MS).  Intact TAG structures have been assigned 
from interpretation of their protonated ([M+H]+) and/or ammoniated ([M+NH4]+) molecules 
and the nature and abundance of the product ions in their tandem mass spectra (MS/MS, e.g. 
Figure 1).  Multiple sampling points around the skeletal remains provide detailed profiles of 
TAGs and TAG-derived components within the grave.  The presence of signatures including 
TAGs in medieval graves from Syningthwaite Priory, UK and Mechelen, Belgium contrasts 
with their absence in more recent burials (e.g. Fewston, UK) and older (e,g, bronze age and 
roman) burials in similar soil type (Heslington East, UK; Thessaloniki, Greece).  GC-MS 
analysis of the soils from Fewston, Heslington East and Thessaloniki reveals the presence of 
mono- and di-acylglycerols s well as C16 and C18 free fatty acids as products of enzymatic 
and chemical hydrolysis of the acyl chains (Hita et al., 1995; Dent et al., 2004).  Thus in these 
cases, extensive degradation of the TAGs has taken place. 
The discovery at Heslington East of a bronze age human brain in a state of exceptional 
preservation (O’Connor et al., 2010) has provided a unique opportunity to examine the impact 
of decomposition within a well-defined sample of body tissue.  Although degradation of the 
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proteins and lipids has commenced, high levels of hydrophobic protein-derived and lipid-
derived material survive, preserving key morphological features of the organ. 
 
a) 
 
b) 
Figure 1: Soil from pelvic area (Syningthwaite) a) Partial mass chromatogram (m/z 800-950) 
of extract. Conventional TAG notations are used, subscript =O, OH or OMe indicate carbonyl, 
hydroxyl or methoxyl moieties, respectively.  Numbers indicate m/z values of 
[M+H]+/[M+NH4]+ for unidentified TAG-like MS/MS spectra.  b)  MS/MS mass spectrum of 
the [M+H]+ of OPPo (m/z 857, tR = 129 min), showing diagnostic DAG+ ions 
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BIO-MARKERS DETECTED BY PYROLYSIS (PY-GC/MS) IN EARLIEST COPPER 
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Located at the centre of the foremost mining district on the Iberian Peninsula (the 
South-Western Iberian Pyrite Belt), the settlement of Cabezo Juré (Alosno, Huelva, Spain), 
some 2 ha in area, represents the occupational model that structures the organisation of this 
mining territory (Nocete, 2006). The excavation of over 50% of it's surface, fourteen radio-
carbon dating taken through its building sequence and a systematic and integral study of its 
site, show that there were two stages in its occupation (Nocete et al., 2011). 
The first stage (Phases I, II, and III) has a time-scale covering the first three quarters 
of the Fifth millennium Cal BP and shows a settlement exclusively dedicated to mining and 
metallurgical activities that is fortified and has a local source (< 1 km) of copper ores with the 
technology for complex copper-working (furnaces, tuyères, crucibles, slag, smelting hammers, 
artefacts partway through the production process, etc.) and a marked technical and spatial 
division of labour (workshop areas in copper ore reduction and refined material samples) that 
involves all of its area and population. This suggests a copper factory with an intensive full-
time production.  The more recent stage, (Phase IV) with a time scale that puts it between the 
Fifth and Fourth millennia BP, shows a small agrarian population with metallurgical activities 
on a domestic (part-time in a household level) scale with very little technological 
development (no furnaces, tuyères or crucibles) for the production of copper and metal 
artefacts in the settlement-summit. 
In this work organic remains found in a variety of household pottery vessels are 
studied using analytical pyrolysis (Py-GC/MS) at 500º C. A description of the molecular 
assemblages found in the different artifact types is given, as well as a temptative 
interpretation of possible uses based upon the different pyrolysis patterns found. 
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The Neoproterozoic-Early Cambrian time is the cradle of multicellular, eukaryotic life 
and henceforth metazoan life started populating the planet. Unraveling the Neoproterozoic-
Early Cambrian settings of the Earth is a mammoth task. This distant past, however, has been 
visualized to a large extent through molecular fossils in which the original skeletal structure 
of the precursor organisms is preserved. A suite of nine oil samples from oil-stained rocks, 
one crude oil and five sediment samples of Neoproterozoic-Early Cambrian age from 
Bikaner-Nagaur Basin, western India have been investigated for biomarkers using Gas 
Chromatography-Mass Spectrometry (GC-MS). The normal alkanes range from C12 to C29 
(Fig. 1). The biomarker distribution is characterized by high concentration of both tricyclic 
terpanes and pentacyclic hopanes in oil samples but reduced abundance of tricyclic terpanes 
in sediment samples. The predominance of C29 regular sterane over C27 and C28 indicates 
green algal contribution (Volkman et al., 1994) and may imply the prominence and 
diversification of the same algal group. The unusually low pristane/phytane ratio and 
occurrence of substantial quantity of gammacerane, monomethyl 2-methyl-2-(2,4,8-
trimethyltridecyl) chroman and  tetrahydrophenanthrene are indicative of anoxic, stratified, 
highly saline condition of the environment of deposition (Dutta et al., 2013). The very high 
abundance of phytane may also be an outcome of the presence of halophilic bacteria which 
contain phytanyl moiety (ten Haven et al., 1987). The occurrence of evaporite in the 
stratigraphic sequence also supports the fact that there had been a phase of enhanced salinity 
when the sediments got deposited. Putative C19 norsterane, probably indicative of sponge 
input is recorded in the studied samples. Apart from being a salinity marker, methylated 
chromans have further importance since these are reported for the first time from samples 
older than Permian. Methylated chromans are structurally similar to tocopherols (vitamin E) 
and both may have similar biosynthetic pathway (Sinninghe Damsté et al., 1987). Therefore, 
it may imply that biosynthetic mechanism of compounds having structural similarity with 
vitamin E evolved as early as Neoproterozoic-Early Cambrian time. The presence of shale 
layers in the stratigraphic sequence and several relevant biomarker parameters suggest shale 
as the source rock. Also, biomarker parameters are indicating early thermal maturity of the 
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source rock. Normal alkanes (n-C17 and n-C18) and isoprenoids (pristane and phytane) are 
highly depleted in 13C. The 13C value for n-C17 ranges from -33.65 to -34.38 ‰ and that of 
n-C18 from -30.21 to -35.50 ‰. The 13C value for pristane ranges from -36.01 to -37.45 ‰ 
and for phytane from -36.38 to -37.88 ‰.  The overall biomarker distribution and carbon 
isotope data of oils from Bikaner-Nagaur Basin show similarities with that of other 
infracambrian oils like Huqf oils from Oman and Baykit High oils from eastern Siberia. 
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 Ornithine lipids (OLs) are bacterial membrane lipids that contain the amino acid 
ornithine in the lipid head group rather than phosphate (Figure 1).  Approximately 25% of 
bacterial species whose genomes have been sequenced are predicted to have the capacity to 
form OLs (Vences-Guzman et al., 2012), and to date they have not been observed in 
eukaryotes or archaea.  While it has been observed that in certain organisms these lipids are 
produced under phosphorus limitation, or modified under stress conditions, little is known 
about the specific function of OLs.  We have surveyed a range of metabolically unique and 
environmentally specialized bacteria, isolated from soil and sediment, for OLs and other 
amino acid containing lipids by high performance liquid chromatography/mass spectrometry 
(HPLC/MS).  These microbes were found to contain a variety of known, modified, and 
previously unknown ornithine lipids. 
Four planctomycete species isolated from European North Russia peat bogs shared an 
apparently abundant but unknown lipid that displayed ornithine like fragmentation (Zhang et 
al., 2009) in ion trap MS, but yielded different diagnostic fragments (Figure 1: Telmatocola 
sphagniphila).  The lipid was isolated from an extract of one of the planctomycete species 
using semi-preparative HPLC and then analyzed by high resolution accurate mass (HR/AM) 
Orbitrap MS and NMR.  Accurate mass MS assignment of key fragments and losses 
suggested an ornithine lipid that was tri-methylated on the -nitrogen position (Figure 1), 
which was confirmed by two dimensional NMR techniques.  Subsequently, HR/AM MS 
analysis of the T. sphagniphila Bligh & Dyer total lipid extract also revealed the presence of 
mono-, and di-methylated ornithine lipids (Figure 1).  Ion trap MS results also indicate that 
the mono- and di-methylated ornithine lipids are present in the Bligh & Dyer extracts of the 
three other planctomycete species as well. 
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  The tri-methylation of the -nitrogen generates a choline-like moiety, a functional 
group found in common membrane lipids such as phosphatidylcholines and betaines.  
However, this ornithine-choline hybrid structure has not been observed before.  The mono-
methyl, dimethyl and trimethyl ornithines found in T. sphagniphilia all had the same 
distribution of (hydroxyl) fatty acid chain lengths suggesting a biosynthetic link between the 
three structurally related lipids.  The presence of a quarternary amine gives the lipid a highly 
charged head group compared to more common ornithine lipids.  This charged head group 
may be an adaptation to provide membrane stability in cold temperatures and high acidity of 
ombrotrophic northern peat bogs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Base peak chromatogram (m/z 400-2000) of T. sphagniphila lipid extract and 
structures of ornithine, mono-methyl, di-methyl, and tri-methyl ornithine lipids. Each lipid 
cluster contains multiple compounds with the same polar head group but differing fatty acid 
composition. 
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MICROBIAL LIPID REMNANTS IN HYDROTHERMAL STRUCTURE INTERIORS: 
EVIDENCE FOR TRANSPORT FROM SUBSEAFLOOR ENVIRONMENTS 
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Several microbiological investigations have detected enigmatic evidence for microbes in high-
temperature (> 200°C) interiors of hydrothermal vent ‘chimney’ structures (e.g. [1]) well above the 
known temperature limit for life. It is unclear whether these findings reflect flooding during collection 
[1], cross-contamination with exterior microbial biomass, or genuine natural phenomena. While 
microbial population on vent exteriors have been investigated with DNA- and lipid-based methods, the 
interior of these structures have rarely been characterised and the origin of this microbial material is 
poorly understood. In this study, we used a novel coring approach to carefully sample the microbial 
organic matter present within the interiors of a moderate temperature ‘diffuser’ structure and an 
inactive ‘black smoker’ chimney for lipid-based characterisation. 
SEM-based mineralogy indicates estimated vent fluid temperatures of 170-200°C for the 
diffuser and >200°C during former venting of the inactive black smoker, and no DNA was extractable 
from interior samples. However, archaeal core tetraethers (GDGT) were present in the interior of both 
structures and the intact polar lipid (IPL) diglycosyl-archaeol (2Gly-AR), was widely distributed 
inside the diffuser (Table 1). Both core GDGT and IPL recovered from the diffuser interior samples 
were highly distinct relative to exterior microbial lipids, which strongly suggests flooding and/or 
exterior cross-contamination did not occur. Given temperature estimates indicating uninhabitable 
conditions, a lack of DNA, fatty acids and the presence of exclusively 2Gly-AR only, the possibility of 
an active microbial community in the diffuser interior is highly unlikely. This would imply that 2Gly-
AR is not representative of living cells in the structure, in contrast to traditional assumptions regarding 
IPL degradation. Hence, IPL in these chimney interiors do not reflect living community compositions. 
Table 1: Distribution of various lipid types in different chimney samples 
 ‘Active black smokers’ ‘Diffuser’ ‘Inacitve 
 interior exterior interior exterior interior exterior 
Bacterial IPL - yes no yes no yes 
Bacterial FA - yes no yes yes yes 
Archaeal IPL - yes yes no no yes 
Archaeal core lipids - yes yes yes yes yes 
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To further explore causes of lipid variations in both structure interiors, core GDGTs present in 
interior and exterior samples, were assessed using principal component analysis (Figure 1).  
 
 
 
 
 
 
 
 
 
Figure 1: Results of Principal Component Analysis with archaeal core GDGT as loadings (a) and 
samples as scores (b). 
 
Three distinct clusters (C) were evident - C1 formed by GDGT-1 to -5, C2 containing H-
GDGT and GDGT-0 and Me-H-GDGT representing C3. Clustering of the active chimney exteriors 
between C1 and C2 is likely related to the presence of Deep-sea Hydrothermal Vent Euryarchaeota 2 
(DHVE-2) and Marine Group I crenarchaeota (MG I) detected in these samples. DHVE-2, rarely 
found in low-temperature sedimentary environments, are predominantly associated with GDGT-0 and 
H-GDGT (C2) [2]. Therefore, samples plotting with C2 appear more related to thermophilic archaea 
(i.e. DHVE-2). However, clustering of diffuser interior samples with C1 indicates a distinctly different 
source of lipid material compared to exterior samples clustering with C2. In MG-I-dominated 
sediments, GDGT-0 and -5 were reported to be predominant [4], similar to typical marine sediments. 
A lack of sediments and evidence for any water column organic matter contributions to hydrothermal 
fluids in this system [3] renders these potential sources of microbial lipids unreasonable. We 
hypothesize they may instead derive from the purported deep biosphere inhabiting the crustal aquifer 
mixing zones, and reflect cell pyrolysis by and transport with upflowing vent fluid/seawater mixtures. 
In contrast to the diffuser, Me-H-GDGT (C3) were found along with bacterial fatty acids in the interior 
and exterior of the inactive black smoker. These compounds are not common in normal marine 
subseafloor but are indicative of hyperthermophilic microorganisms and may have been transported 
into the structure by seawater entrainment during or after cessation of hydrothermal venting. 
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Understanding the physiology of hopanoids lies at the heart of two long-standing riddles 
in biology and Earth history: What function do hopanoids serve in bacteria?  And what 
information can be gleaned from their detection in rocks, sediments, and oils? Emerging data 
demonstrates that hopanoids are functionally similar to sterols in their ability to order 
membrane lipids and to form liquid ordered domains. Liquid ordered phases are one of two 
biochemically active membrane states, which until now were thought to be a unique 
consequence of the interactions between eukaryotic membrane lipids (Fig. 1). The formation 
of a liquid ordered phase was thought to be crucially dependent on the ordering properties of 
sterols. Since the vast majority of bacteria lack sterols, this phase was assumed to play no role 
in bacterial membrane physiology. However, we show that diplopterol, the simplest bacterial 
hopanoid, has similar ordering properties and that hopanoids are indeed bacterial “sterol 
surrogates”, with the ability to order saturated lipids and to form a liquid ordered phase in 
model membranes. These observations transform our understanding of membrane evolution, 
suggesting that the emergence of ordered biochemically active liquid membranes preceded the 
evolution of sterols. This not only suggests that liquid-ordered membranes may be common 
outside the Domain Eukarya, but it decouples the evolution of this trait from the requirement 
for molecular oxygen.  
We are working to understand the biological significance of the membrane-ordering 
properties of hopanoids. Using Methylobacterium as a model organism, we are examining the 
effect of hopanoids on the biophysical properties and biochemical functionality of bacterial 
membranes. Our approach combines the use of quantitative shotgun lipidomics and the 
biophysical characterization of membranes from wild type Methylobacterium and mutant 
strains lacking the capacity for hopanoid biosynthesis. These observations are beginning to 
provide a holistic understanding of the interactions of hopanoids with other components of the 
membrane (e.g. proteins and lipids) and how these interactions allow the membrane to meet 
the physiological requirements of the cell. 
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Figure 1. A) Structures of cholesterol and diplopterol and B) a conceptual cartoon illustrating 
liquid disordered (Ld), liquid ordered (Lo), and gel phase membranes. 
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In this study we analyzed the sesquiterpenoid composition and distribution in peat of 
the mire Temnoye (Tomsk region, Russia) to the depth of 265 cm and in mire plants 
(scheuchzeria, sedge, cotton grass (eriophorum) and sphagnum). The molecular structure of 
organic compounds, extracted from peat and plants with 7%  methanol in chloroform, was 
examined by GC-MS with the help of  DFS "Thermo Scientific" (Germany) instrument. The 
content of  individual structures was determined according  to the area of corresponding peaks 
in the chromatograms using the internal standard and the correction factor for the each class 
of compounds. 
There were identified 22 bicyclic terpenes of cubeben, cadinen, selinen series and also 
copaen, epi-bicyclosesquifellandren, 2-isopropenyl-4α,8-dimethyl-decalin-8-ene,  cadinen 
monoaromatic analogue and cadalen among alicyclic hydrocarbons in mire plants. The 
sesquiterpenes concentrations vary from 0.1 mg/g in scheuchzeria to 1.2 mg/g in sedge. 
Besides one of the driman derivatives was detected in scheuchzeria and sedge. 2-isopropenyl-
4α,8-dimethyl-decalin-8-ene dominates in sphagnum  moss, β-cadinene – in other plants. The 
driman content in bicyclic isoprenoids of Scheuchzeria reaches 17%, in sedge – 1.8%. 
Sesquiterpenoids (sesquiterpenols) were also detected in peat and plants. Among them 
are bicyclic terpenoid alcohols of cadinol series, cubenol and ledol, and besides one of 
himachalens in cotton grass. Cubenol prevails in all plants, and sedge also contains a 
significant concentration of cadinol. 
Sesquiterpenes composition in peat is similar to their composition in mire plants, but 
their content in peat is higher (0.2 to 4.1 mg/g of dry peat).  The high content of driman 
unsaturated analogue is detected in cotton grass peat, selected at the depth of 245 cm. 
Cadinol isomers prevail  among sesquiterpenoids in peat and cubenol – in  plants. One 
of himachalens, which was found in the sample of cotton grass, is present also in cotton grass 
peat and cotton grass-sphagnum peat.  
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However, the sesquiterpenols content in comparison to sesquiterpens is significantly 
lower in peat than in mire plants (fig. 1). It possibly can be explained by rapid hydroxyl group 
reduction during the process of peatforming and as a result of increasing the content of 
corresponding bicyclic aliphatic hydrocarbons in peat.  
 
Figure 1. Mass-fragmentograms 
(m/z=204) characterize bicyclic 
terpenes and terpenols distribution in 
cotton grass (eriophorum)  and 
raised bog peat.  
 
A set of information about 
the sesquiterpenoid molecular 
composition of  Western Siberia 
mire plants and its alteration during 
the formation of peat deposits was 
obtained. These data have shown, 
that hydroxyl substituted compounds 
are unstable during the peatforming 
process. The redistribution of 
sesquiterpenols and sesquiterpenes 
concentrations begins at the early 
stages of diagenesis as a result of the 
sesquiterpenol dehydroxylation. 
Herewith the sesquiterpenoid 
hydrocarbons content in peat 
increases. 
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Air-sea gas exchange is important to the global partitioning of CO2.  Exchange fluxes are 
products of an air-sea gas concentration difference, C, and a gas transfer velocity, kw. The latter 
is controlled by the rate of turbulent diffusion at the air-sea interface but it cannot be directly 
measured and has a high uncertainty that is now considered one of the greatest challenges to 
quantifying net global air-sea CO2 exchange (Takahashi et al., 2009).  One important control on   
kw is exerted by sea surface surfactants that arise both naturally from biological processes and 
through anthropogenic activity. They influence gas exchange in two fundamental ways: as a 
monolayer physical barrier and through modifying sea surface hydrodynamics and hence 
turbulent energy transfer.  These effects have been demonstrated in the laboratory with artificial 
surfactants (Bock et al., 1999; Goldman et al., 1988) and through purposeful surfactant releases 
in coastal waters (Brockmann et al., 1982) and in the open ocean (Salter et al., 2011). 
Suppression of kw in these field experiments was ~5-55%. While changes in both total surfactant 
concentration and the composition of the natural surfactant pool might be expected to impact kw, 
the required in-situ studies are lacking. 
In transects in the Tyne estuary (NE England) and in the coastal North Sea we found 
significant spatio-temporal variability in surfactant activity examined with AC voltammetry as 
well as in protein-like, humic-like and fulvic-like components of surfactant samples examined 
with 3-D excitation-emission fluorescence spectrometry. We attribute the latter to differences in 
surfactant sources (e.g. phytoplankton vs. terrestrial inputs). While DOC concentrations remained 
relatively constant throughout the year, surfactant was predominantly fulvic-like in late summer 
and predominately polysaccharide-like during spring, consistent with a switch from terrigenous 
organic matter to autochthonous biological sources (i.e. phytoplankton bloom). We are currently 
examining the variability in kw between such samples of varying surfactant concentration and 
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composition, using a small laboratory gas exchange tank in which water side turbulence can be 
selectively modified. Some first results from these experiments are presented and discussed. 
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Geobacter species are ubiquitous prokaryotes in diverse sedimentary environments, 
coupling the oxidation of various carbon compounds to the reduction of metals, such as ferric 
iron. One specific attribute of Geobacter, namely G. metallireducens and G. sulfurreducens, 
is their ability to synthesize hopanoids (Härtner et al., 2005; Fischer et al., 2005). Although 
the production of polyfunctionalized bacteriohopanepolyols (BHPs) by both G. 
metallireducens and G. sulfurreducens has been verified before, intact BHPs were not 
analyzed. Here, the complete hopanoid inventory of both strains was investigated by HPLC-
MS and GC-MS. In both Geobacter strains, bacteriohopanetetrol-cyclitol ether (BHT-CE) 
was the major compound in both G. metallireducens and G. sulfurreducens, making up 98% 
and 54% of the total hopanoid inventory, respectively. In G. sulfurreducens, guanidine-
substituted BHT-CE (21%) and BHT glucosamine (22%) were also found in high 
abundances, whereas in G. metallireducens the latter two composite BHPs were only found in 
traces. Interestingly, the composite BHP inventories of the two Geobacter strains resemble 
those of some aerobic or facultative anaerobic methylotrophic bacteria, including pink-
pigmented facultative methyltrophs (PPFMs) (e.g. Knani et al., 1994). Apart from their 
similarity in BHP production, both PPFMs and G. sulfurreducens are capable to use reduced 
carbon compounds with no carbon-carbon bonds (i.e. C1 compounds such as MeOH or 
MeNH2) as sole carbon source. Although PPFMs and Geobacteraceae live in very different 
environments and are phylogenetically not closely related, similar adaptions and metabolic 
pathways may be an important factor for the similarity of their hopanoid inventories. The 
ubiquity of Geobacter in anoxic sediments provokes us to speculate that these bacteria may be 
a significant source of composite BHPs in such environments. 
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The anoxygenic purple non-sulphur bacterium Rhodopseudomonas palustris strain 
TIE-1 has emerged as an excellent model organism to study hopanoid biosynthesis and 
function (e.g., Rashby et al., 2007; Welander et al., 2012). It produces several C30 hopanoids, 
tetrahymanol, as well as various bacteriohopanepolyols (BHPs). In addition, TIE-1 is capable 
of methylating various hopanoids and the non-hopanoid pentacyclic terpenoid tetrahymanol at 
C-2, which is rare among hopanoid producers (Welander et al., 2010). Here, the lipid 
inventory of TIE-1 under anoxic photoautotrophic growth conditions using either H2 or Fe(II) 
as electron donor was studied. Hopanoid production by TIE-1 has never been studied under 
such growth conditions before. Our aim was to investigate whether the growth on either H2 or 
Fe(II) has any influence on the pentacyclic terpenoid inventory, but especially on C-2 
methylation of these compounds. The most abundant compound produced both for growth on 
H2 and Fe(II) was the composite BHP adenosylhopane, accounting for 35% and 48% of the 
total triterpenoid inventory, respectively. C30 hopanoids and tetrahymanol made up 43% (H2) 
and 51% (Fe(II)). Adenosylhopane, aminotriol and bacteriohopanetetrol (BHT) were 
abundant when TIE-1 was grown on H2, but aminotriol and BHT were only found in traces 
when grown with Fe(II). Only during growth on Fe(II), BHT was found with and without C-2 
methylation (25% of both BHT homologues), whereas the other BHPs were not C-2 
methylated independent of growth mode. In C30 hopanoids and tetrahymanol, C-2 methylated 
compounds accounted for as much as 59% of the respective C-2 methylated/non-methylated 
homologues during growth with Fe(II), but only up to 24% during growth with H2. This 
observation reveals that C-2 methylated hopanoids may have a specific function in TIE-1 and 
are preferably synthesized in response to elevated Fe(II) concentrations. C-2 methylated 
hopanoids have commonly been used as biosignatures for specific metabolisms, particularly 
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oxygenic photosynthesis. Our new observations reveal that increased C-2 methylation and the 
specific pentacylic terpenoid inventory of TIE-1 can be used as an indicator of anoxic ferrous 
conditions and anoxygenic photosynthesis in addition to other environmental settings and 
metabolisms that have been previously suggested. 
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The transformation of organic compounds from mire plants to peat was studied on the 
example of forest mossy bog Temnoye (Tomsk region, south of Western Siberia, Russia). The 
raized bog peat deposit is formed primarily by Sphagnum fuscum remains with inclusions of 
cotton grass interlayers. We studied samples of weakly decomposed peat, selected from the 
peat deposit, and the major peat-forming plants – cotton grass and moss. 
In mire plants and peat saturated acyclic and aromatic hydrocarbons (HC), terpanes 
and terpenes, aromatic and alicyclic alcohols, aliphatic organic acids, its methyl, ethyl and 
isopropyl esters, steroids and pentacyclic terpenoids were identified. The cotton grass and 
moss significantly differ in n-alkanes molecular mass distribution. The cotton grass is 
characterized by the predominance of n-alkane C31, moss – by n-alkane C23.  In peat with the 
high content of cotton grass residues the concentration of the C31 homologue is increased, in 
fuscum peat – the concentration of n-alkane С23. 
All studied plants and peat are characterized by low close concentrations of aromatic 
hydrocarbons with bi-, tri-and tetracyclic structures.  Bicyclic arenes are presented by 
naphthalene, its methyl- and dimethyl homologues and cadalene, which is dominant among 
biarenes; tricyclic  arenes are presented by phenantrene and its methyl- and dimethyl 
homologues.  Mire plants and peat contain low concentrations of tetracyclic fluoranthene and 
pirene. 
A fatty acids series in plants and peat includes compounds with the number of carbon 
atoms from 6 to 22 with a predominance of molecules with an even number of carbon atoms. 
The maximum content of carboxylic acids was mentioned in sphagnum moss, and palmic acid 
composes about 2/3 of the acids total content.  But unlike the mire plants, where acid 
dominate, in peat they present in similar concentrations with ketones. Ketones in peat and 
plants include a series of C15-C33 homologues  of n-alkane-2-ones. They are characterized by 
the presence of two maximum peaks C17 and C27 for sphagnum, C17 and C33 for cotton grass. 
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In peat the maximum occurs at C27, but in some samples appears an additional maximum of 
C21. The content of isoprenoid ketones in mire plants presented by 6,10,14-trimethylpentyl-
decan-2-one and 6,10-dimethyl-undecane-2-one exceeds the content of n-alkanones in several 
times, but n-alkanones prevail in peat. n-Aldehydes C20-C29 with a prevalence of compounds 
with even number of carbon atoms were identified in peat and mire plants. The distribution 
maximum accounts for the C24 and C26 homologues, they constitute about 50-70% of the total 
aldehydes content. 
The carboxylic acids methyl esters in peat and plants are presented by the series  of 
C12-C31 homologues with a predominance of odd ones and especially the palmic acid methyl 
ester in plant samples (50-70%). Tocopherols, founded in studied samples, consist of α, β and 
γ-isomers. Their content is low in plants, but it is in order of magnitude higher in peat. 
Phosphates are presented by triphenilesters of phosphoric acid, their concentrations in peat 
and plants are similar. 
Tetracyclic steroid alcohols and ketones in all plant extracts dominate over 
pentacyclic. Steroids are presented by ergo-(C28), stigma- (C29) stenols and stenons. Besides, 
stigmastanon and two other compounds (C30 and C31) containing additional cyclopropane ring 
were identified. Steroids C29 prevail in cotton-grass, and sphagnum moss contains the same 
amount of C28 and C29 steroids. The ratio of C29/C28 steroids in cotton grass is 4.07, in 
sphagnum moss – 1.03. In comparison with plant extracts the total content of steroids 
increases in peat, possibly due to the molecular complexes decomposition, but the diversity of 
represented compounds decreases. The content of pentacyclic terpenoids in mire plants is 
very low and they are presented by a limited number of oleanen series compounds with the 
different position of the double bond and methyl substituents in the molecules. Urs-12-en-3-
one is their only representative in sphagnum moss. In cotton grass D-friedoolean-14-en-3-one 
present in equal concentration with it. The content of pentacyclic terpenoids and their 
diversity in peat rise due to a number of hopane series compounds – hopanes (C27 and C28), 
hopenes (C30), olean-12-ene, D-friedoolean-14-ene and hopenon. 
The obtained data indicate, that the transformation of plants at the early stages of peat 
formation has no significant effect on the n-alkanes composition. Peat inherits the molecular 
mass distribution of the original plants. The presence of microorganisms in peat rises the n-
alkanone concentrations and the pentacyclic terpenoids diversity in peat. The content of 
steroids in the extractable organic matter increases possibly due to the release from molecular 
complexes.  Herewith the concentrations of carboxylic acids and alicyclic alcohols decreases, 
but the content of aromatic alcohols increases. 
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Marine invertebrates that dominate ecosystems at cold seeps and hydrothermal vents, 
such as bathymodiolin and vesicomyid bivalves, derive their nutrition from symbiosis with 
chemosynthetic bacteria (chemosymbiosis)1. Chemosymbiotic organisms may contain 
thiotrophic or methanotrophic symbionts, or in some mussel species, symbionts of both types. 
The adoption of the chemosymbiotic life habit is likely to have had a major influence on the 
evolution of seep and vent fauna during the Phanerozoic. However, direct evidence for 
chemosymbiosis in the fossil record is currently extremely scarce.  
Carbon and sulphur 
stable isotope values from 
bivalve soft tissues show 
clear differences between 
chemosymbiotic and 
heterotrophic species and 
between methanotrophic and 
thiotrophic chemosymbiosis 
in cold seep species. Controls 
on these values include the 
isotopic value of the source 
material, the reservoir size of 
the source material and 
fractionation during uptake, 
metabolism and biosynthesis, leading to the variation observed among organisms with the 
same mode of nutrition.   
The shells of bivalves and rhynchonelliform brachiopods are composite biomaterials 
in which calcium carbonate minerals crystallise within and around organic components that 
can form up to 5% of the shell by weight17, 18. Previous studies15, 16, 19, have shown that the 
carbon, nitrogen and sulphur stable isotope values of shell-bound organic matter (SBOM) in 
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bivalves are related to those of their soft tissues and reflect their mode of nutrition. These 
studies also demonstrated that SBOM can be recovered from ancient shells.  
Here we present isotopic data for soft tissues and SBOM from modern bivalves and 
brachiopods. Intra-crystalline organic matter from brachiopod shells has been shown to be 
resistant to external contamination and in situ degradation has been demonstrated20. This 
suggests that the intra-crystalline SBOM stable isotope values of fossil shells may retain an 
authentic signature of chemosymbiosis in the geological record and will be the target for our 
future analyses. 
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Figure 1. m/z 85 of (A) non-
mineralised and (B) mineralised 
Mulga Rock deposits with uranium 
concentrations not detectable and 
5385 ppm, respectively.  Dots indicate 
n-alkanes labelled with carbon 
numbers.  
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The evolution of uranium deposits can be closely linked to organic matter (e.g. 
Alexander and Kyser, 2006), particularly those hosted in peat (Halbach et al, 1980) and 
lignite (Ilger et al, 1987). The Eocene Mulga Rock in Western Australia is a multi-element 
and uranium deposit hosted primarily in peats and lignites deposited in a paleochannel 
network incised into Permian and Proterozoic basement rocks (Douglas et al, 2011).  
Samples were collected from four uraniferous deposits of the Gunbarrel Basin bearing 
“barren”, low (<200 ppm), and high (>1000 ppm) uranium concentrations across lateral and 
vertical gradients. The kerogen of barren samples based on C/N, HI- and OI ratios reveals a 
high compositional variability, indicative of a complex 
shallow depositional system ranging from lacustrine to 
deltaic, swampy wetland and even shallow lake 
settings confirming previous facies assignments made 
by Douglas et al (2011). From Rock-Eval Tmax and HI 
vs. OI ratios a low thermal maturity has been inferred. 
There are no trends in these parameters between 
mineralised and unmineralised samples but this could 
be attributed to facies heterogeneities. This requires 
studies on a molecular level to unravel the alteration of 
organics during the mineralisation process. 
 Samples were thus analysed for their saturated, 
aromatic, free fatty acid, ketone and alcohol 
distributions. A comparison of barren to highly 
mineralised deposits indicate  a change from a 
predominantly long-chain n-alkanes (n-C27 to n-C31) to 
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mid-chain length n-alkanes (n-C20 to n-C24) and a distribution shift from odd/even to 
even/odd n-alkanes with a Carbon Preference Index decreasing from 3 to close to unity (Fig. 
1). The “barren” deposits contain n-alkane, alcohol and fatty acid distributions derived from 
primary epicuticular plant waxes, whereas distributions in highly mineralised samples are 
dominated by their alteration products.  Mineralisation processes also lead to a significant 
increase in ketones at the expense of alcohols dominating the barren samples. These 
molecular changes cannot be associated to thermal breakdown due to the low maturity of the 
deposits. It is possible that the association of high uranium concentrations and potential 
radiolysis resulted in the breakdown of highly aliphatic macromolecules (i.e. spores, pollen, 
cuticles and algal cysts). These phytoclasts were shown to be preferentially enriched in 
uranium by petrographic analyses (Douglas et al, 2011).  
In the lower Ordovician to middle Cambrian Alum Shale of Sweden, which contained 
as much as 7000 ppm of uranium and was exposed to radiation for as long as 500 My, 
dehydrogenation from radiolysis induced formation of alkenes and triaromatic steroids 
(Lewan and Buchardt, 1989). These molecular markers are not evident in Mulga Rock as this 
is a young deposit with uranium mostly hosted by amorphous material, at the least occurring 
as submicron inclusions of uraninite, and with several sources of H in the peats and lignites.  
The low temperature system readily allows sorption of uranium onto mineral surfaces 
and forming organo-uranyl complexes to pre-concentrate uranium. Ongoing compound-
specific isotopic analyses of the different components will refine the links between source/s 
of organic matter and breakdown products and contribute to understanding the role of the 
organic matter in uranium-ore genesis or accumulation.  
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A major challenge in studying the fate of organic carbon in the environment is the 
multiplicity and diversity of its sources: roots, aerial parts of plants, bacteria, fungi, fauna etc. 
Indeed, it can be difficult to distinguish the effects of organic matter transformation from 
those related to variations in the relative contributions of its sources. An alternative approach 
is to monitor material labeled with stable isotopes. Carbon isotope (13C) labeling of plants is 
thus widely used to estimate the fate of organic carbon in biogeochemical cycles. While the 
natural isotope difference between C3 and C4 plants (~15‰) was commonly used during the 
previous century (Balesdent & Mariotti 1996), incubation of artificially 13C-enriched plant 
tissues is becoming increasingly favored for its potential to decipher detailed mechanisms 
(Bahri et al. 2008). Such artificial labeling is achieved by growing plants under 13CO2-
enriched atmosphere. Nevertheless, incorporation of label may differ widely among plant 
compartments and induce significant isotope variability of the obtained tissues (Meharg 1994). 
Subsequent incubation of labeled plants may thus lead to inaccurate conclusions if the 
variability of isotope labeling is not properly taken into account. 
The aim of this study was thus to document the isotope variability of plant material 
after 13C-labeling. Two species representative of frequent vegetation types in temperate 
ecosystems were investigated: a fast growing grass (Lolium multiflorum Lam.) and a 
deciduous tree (Fagus sylvatica L.). Labeling was obtained by growing plants several months 
under continuously 13C-enriched CO2 in a controlled chamber (RUBIC 1, BioEMCo, Grignon, 
France; Rothfuss et al. 2008). Either seedlings were placed in the chamber at the cotyledon 
stage or seeds were directly germinated in the chamber. Plant samples were recovered at the 
end of the labeling period, dried and analyzed by an automatic unit that combines an 
elemental analyzer with an isotope ratio mass spectrometer. 
For both species, significant isotope variability among plant organs was revealed 
within a given plant. The 13C-content of the labeled leaves exhibited inter- and intra-leaf 
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variabilities much higher than those naturally occurring in unlabeled plants, which do not 
exceed a few per mil. These variabilities were correlated with labeling intensity: the isotope 
composition of leaves varied in ranges of ca. 60‰ and 90‰ for experiments that led to 
average leaf 13C-content of ca. +15‰ and +450‰, respectively. The earliest leaves appeared 
much less labeled than the latest leaves, probably due to higher contribution of unlabeled 
carbon originating from seeds and/or the natural atmosphere preceding the labeling period. A 
part of the isotopic variability measured on the labeled leaves was attributed to the variability 
of the isotopic composition of CO2 within the labeling chamber. Otherwise, the enhanced 
intra-leaf variability of isotope composition revealed heterogenous distribution of stomatal 
aperture within the studied leaves. Anyhow, working on pooled and grounded samples seems 
to limit the isotope variability of labeled tissues. 
Isotope analysis of bulk lipids and specific hydrocarbons are under progress to 
document labeling variability at the molecular level. Nevertheless, the isotope pattern 
reported here might be generalized since a high variability of isotope labeling was also 
recently mentioned by Wiesenberg et al. (2011) for Juncus effusus and Lolium perenne 
submitted to 14C-labeling. It is therefore crucial to take into account such an important 
variability of isotope signal, for further experimental investigations of organic carbon cycle 
using 13C-labeled organic matter. This is especially critical when dealing with intense labeling. 
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Ferromanganese nodules, first discovered in 1868 in the Kara Sea (Russia) during the 
HMS Challenger expedition (Murray and Renard, 1891), have been widely recognized as 
potential sources of strategic metals such as Mn, Ni, Zn, Cu, Mo and Co. Since their 
discovery the formation mechanisms of ferromanganese nodules have been subjected of 
intense debate and it remains unclear if the formation of ferromanganese nodules is purely an 
abiotic process or whether microorganisms are involved in their formation, as revealed for 
iron sulfide nodules (ISNs; van Dongen et al., 2007). To explore this, we examined 4 nodules 
to determine if they contained preserved lipid biomarkers and, if so, what the biomarkers 
distributions revealed about (i) the depositional environment and (ii) the involvement of 
microorganism in the formation of these nodules. 
The ferromanganese nodules were collected from locations close to the Ocean Ridge 
in the south-western Indian Ocean and off the coast of Madagascar (Fig. 1); these were 
analysed using GC/MS and LC/MS. All nodules contain substantial amounts of terrestrial 
biomarkers such as higher-molecular-weight (> C20) n-alkanols and n-alkanoic acids, sterols, 
predominantly sitosterol and campesterol, triterpenoids and branched GDGTs as well as 
marine biomarkers such as lower-molecular-weight (LMW; <C20) n-alkanols and n-alkanoic 
acids, and isoprenoidal GDGTs. Also present were substantial amounts of C16-C31 n-alkanes 
with no clear odd-over-even carbon number predominance, hopanes predominantly in the 
17(H),21(H) configuration, and unresolved complex mixtures. This indicates that a 
significant proportion of the organic matter in these nodules has a mature origin and that 
petroleum, migrating upwards from greater depths along fault planes, is present in the surface 
layers of the depositional environment. Combined, these biomarker distribution patterns are 
consistent with a formation in a marine setting with substantial influx of terrestrially derived 
(higher plant detritus) and naturally occurring petroleum-related organic matter, possibly from 
deeper thermally mature source rocks.  
Despite the presence of significant amounts of lipids, only trace/low amounts of 
general bacterial biomarkers, such as hopanoid acids and methyl-branched and unsaturated 
LMW alkanoic acids and alkanols were detected in the nodules analysed. While of microbial 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 270 -
origin, these lipids are commonly present in deep sea marine depositional environments and 
these amounts could easily have been encapsulated from the local sediment, as with the other 
organic material. Moreover, no specific makers such as sulphate reducing bacteria or archaeal 
membrane lipids could be detected. This indicates that in contrast to the formation of ISNs 
(van Dongen et al., 2007) the formation of these nodules cannot not be linked to a specific 
microbial process from the evidence presented here.  
The organic analyses suggest that these nodules are most likely formed via an abiotic 
process, although the involvement of microbes cannot be completely excluded. Recent 
research indicated that the formation of ferromanganese nodules most likely occurs via a 
series of stages beginning with the formation of a ‘micro-nodule’ (Wang et al. 2009). The 
presence of trace/low amounts of bacterial biomarkers suggest that it is possible that the 
formation of this micro-nodule is mediated by microorganisms. 
 
REFERENCES  
Murray, J. and Renard, A.F., 1891. Manganese nodules. In: Thompson, C.W. (Ed.), Report on 
the scientific results of the voyage of the H.M.S. Challanger, vol 5 deep-sea deposits, Eyre 
and Spottiswoode, London, pp. 341-378. 
van Dongen, B.E., Roberts, A.P., Schouten, S., Jiang, W.-T., Florindo, F. and Pancost, R.D., 
2007. Formation of iron sulfide nodules during anaerobic oxidation of methane. 
Geochimica et Cosmochimica Acta, 71, 5155-5167. 
Wang, X., Schröder, H., Schloßmacher, U. and Müller, W.G., 2009. Organized bacterial 
assemblies in manganese nodules: Evidence for a role of s-layers in metal deposition. 
Geo-Marine Letters, 29, 85-91 
Figure1. (A) Map of the study area in the south-western Indian Ocean with the 
ferromanganese sampling locations and the bathymetry and (B) picture of one of the 
(composite) nodules analysed. 
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Resins have been prized for centuries as jewellery, paint varnishes, glues, hydro 
repellents as well as sealants. The tropical angiosperm family Dipterocarpaceae, 
omnipresent in the rain forests of SE Asia, India and Sri Lanka, is renowned for 
producing copious amounts of resin. Resins from this family have been a centre of 
attention for years since their contribution to local oil reserve has been known. 
Bicadinanes, derived from Dipterocarpaceae resin, are the dominant products of SE 
Asian oils (Stout, 1995; Dutta et al., 2011). The diagentic pathways from essentially 
unaltered dammar resins to fossil resins have not yet been fully understood although the 
broad chemical composition of dammar resin extracts have been reported previously (van 
Aarssen et al., 1990; Dutta et al., 2009). Although the resins are famed for containing 
decay-resistant molecules, the present study, however, reveals partial preservation of 
their terpenoid composition during fossilization. We report the detailed chemical 
signature of both extant and fossil dammar resin extracts to understand the effect of 
diagenesis on their terpenoid composition.  
Several Eocene dammar resin samples were collected from Cambay, Kutch and 
Cauvery basins as well as a Miocene dammar resin from Kerala Basin. The extant resin 
from Dipterocarpaceae family (Genus Shorea) was obtained from eastern India. Rock-
Eval Tmax of all studied fossil resins samples ranges from 390-400°C, which suggests that 
all samples are thermally immature. 
The major difference between modern and fossilised dammar is observed in their 
sesquiterpenoid composition. The dominant sesquiterpenoids in extant dammar resin are 
constituents of many essential oils such as α-copaene, β-bourbonene, β-elemene, β-
caryophyllene, germacrene D, germacrene B and spathulenol.  In contrast, the major 
sesquiterpenoids in fossilised dammar resins are C15 cadalene-bassed compounds such as 
dihydro-ar-curcumene, δ-selinene, α-muurolene, calamenene 5,6,7,8-tetrahydro cadalene 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 272 -
and cadalene. Sesquiterpenoids present in the fossil resins are almost comparable to the 
compounds obtained from pyrolysis of these resins, including 5,6,7,8–
tetrahydrocadalene, cadalene and calamenene (see Dutta et al., 2009). Although, these 
compounds are ubiquitous in the pyrolysates of extant dammar resin (Dutta et al., 2011), 
the soluble extract of extant resin does not contain these compounds suggesting 
production of these compounds during pyrolysis. The absence of these compounds in 
extant resin therefore suggests formation of these compounds by dehydrogenation of 
germacrene and cadinenes. 
The triterpenoid assemblage in both fossil and extant resins is comparable. 
Triterpenoids like β-amyrin, α-amyrin are abundantly detected in both extant and fossil 
resins. Other important triterpenoids include β-amyrone and α-amyrone. Several 
aldehydes present in extant resin occur below detection limit in fossil dammar resins. The 
dammarane-type molecules which are characteristic compounds of modern Dipterocarpus 
resin are found in the form of their epoxy derivatives in fossil resins. The invariable 
triterpenoid association in all the resins studied here suggests that the pentacyclic 
triterpenoid compounds can better survive early diagenesis when compared to 
sequiterpenoids. 
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Serpentinization is a process by which ultramafic and mafic rocks (composed of 
peridotite and pyroxene) are altered to form serpentinite. The process is exothermic, and 
involves the oxidation and hydration of these rocks to produce hydrogen gas. Additional 
reactions between serpentinite-derived and CO2-rich waters can result in the abiotic 
production of methane and hydrogen sulfide; such gases (including hydrogen) can act as 
sources of energy for microbial communities, and therefore, may play an important role in 
sustaining microbially dominated ecosystems (Sleep et al., 2004; Russell et al., 2010).  
Here, we report the lipid biomarker record of microbial activity from carbonate veins 
of the Semail ophiolite, a site that is presently undergoing serpentinzation processes (Barnes 
et al., 1978). The ophiolite which originated 94-97 Ma, was obducted onto the Arabian 
continental margin during the closure of the southern Tethys Ocean, approximately 70 Ma 
(Nasir et al., 2007). 14C dating reveals the average age of vein carbonates at the ophiolite to be 
approximately 22,000 years (Kelemen and Matter, 2008). 
A diverse assemblage of glycerol dialkyl glycerol tetraether (GDGT) lipids is present 
in Semail ophiolite samples, including both archaeal (isoprenoidal) and branched (bacterial) 
GDGTs. We detected archaeal GDGTs at the ophiolite with 0-3 cyclopentane moiteies 
(GDGTs I-III) as well as crenarchaeol, an iGDGT consisting of 4 cyclopentane rings with an 
additional cyclohexane moiety. Crenarchaeol is known to be synthesized by thaumarchaea, 
which have shown to fix inorganic carbon in culture. Bacterial tetraether lipids in the 
ophiolite samples include br-GDGTS I-III, which can be terrestrially derived or produced in 
lacustrine or marine environments.  
Additionally, we found non-isoprenoidal diether and monoether lipids which are 
considered to be derived from sulfate-reducing bacteria. We also analysed isoprenoidal 
diether lipids, potentially derived from methanogenic euryarchaea. The specific origin of 
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these lipids, as well as the origin of methane produced at the Semail ophiolite can be further 
assessed through stable carbon isotopic analysis.  
In order to better understand potential microbial activity at the ophiolite, we compare 
our lipid biomarker results to those found at a similar microbially-dominated ecosystem 
undergoing serpentinization: the Lost City Hydrothermal Field, an off axis hydrothermal vent 
system near the Mid Atlantic Ridge. Previous microbial assessment has revealed the presence 
of microbial communities at Lost City which have been shown to produce ether lipids 
(Bradley et al., 2009). The presence of corresponding lipid biomarkers at Lost City and the 
Semail ophiolite may provide evidence for similar microbial communities at these two sites. 
Investigations of serpentinite-hosted ecosystems, such as the Oman ophiolite, can 
provide information on Earth’s processes, both past and present; through such investigations 
we not only enhance our understanding of modern biological communities, but also provide 
insight into processes that may have occurred on early Earth and Mars – environments in 
which ultramafic rocks have been prevalent. Additionally, an analysis of modern serpentinite 
systems can increase our understanding of carbon sequestration processes, which have been 
shown to occur in systems undergoing serpentinization (Kelemen and Matter, 2008).  
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Bulk C and N isotope analyses of plants and animals have widely been used in a 
number of ecological studies, for understanding food web structures (including energy flow 
and trophic linkages) in the complex network of ecosystems. However, this bulk method was 
generally suffered from an uncertainty on the bulk isotope results, particularly because the 
trophic 15N-enrichment factor (e.g., 3.4‰, DeNiro and Epstein, 1981; Minagawa and Wada, 
1984) is considerably smaller than the background variation in 15N value (up to 10‰ or 
more) in natural environments. 
Accordingly, we have tried to develop new methods based on compound-specific 
isotope analysis (CSIA) of amino acids, and successfully established a general equation for 
the estimation of trophic position (TP) of organisms: 
TP = [(15NGlu – 15NPhe + )/7.6 ] + 1 
where represents the isotopic difference between glutamic acid and phenylalanine in aquatic 
algae (–3.4‰), and C3 (+8.4‰) and C4 higher plants (–0.4‰) (Chikaraishi et al., 2010). This 
CSIA method is constructed based on contrasting isotopic fractionation during fundamental 
amino acid metabolisms between two common amino acids: glutamic acid (Glu) shows a 
significant 15N-enrichment (+8.0‰) whereas phenylalanine (Phe) shows little 15N-enrichment 
(+0.4‰) (McClelland and Montoya, 2002; Chikaraishi et al., 2007), which is commonly 
occur in eukaryote, bacteria, and archaea (Yamaguchi et al., in prep.). The estimation error is 
0.12 unit as 1 standard deviation for aquatic (Chikaraishi et al., 2009) and 0.17 for terrestrial 
environments (Chikaraishi et al., 2011). Thus the CSIA of amino acids can substantially 
reduce the uncertainty on the traditional bulk isotope method by approximately 1/10 or less. 
In fact, using this method, we can draw a clear view of the grazing food web structures in a 
marine coastal ecosystem (Fig. 1). In the presentation, we will review the principle in this new 
method and discus its potential for understanding of natural food webs.  
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Figure 1.  Estimated grazing food web structures in a marine coastal ecosystem  
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Methanogenesis is a final step of decomposition of organic matter by organisms, 
which is mediated by methanogenic archaea. It is suggested that a large proportion of 
methane in marine gas hydrate originates from the microbially mediated methanogenesis, 
based on isotopic compositions of methane. Therefore, investigations of distribution and 
activities of methanogenic archaea are important for better understanding of carbon cycles 
and mechanisms of gas hydrate formation. So far presence and activities of methanogenic 
archaea have been inferred using molecular biologic techniques, membrane lipids and tracer 
experiments with isotopically-labelled substrates however, it was difficult to clarify their in 
situ distribution and activities quantitatively.  
Coenzyme F430 that is a Ni porphinoid with five carboxyl groups catalyses a final 
step of methanogenic reactions (Thauer, 1998). Because of its unique structure, functionality 
and lability, F430 can be a biomarker for a quantitative estimation of in situ methanogenic 
potential and activities of living methanogens (Takano et al., in press). In this study, we 
developed quantitative analysis of F430 and applied the method into methanogenic industrial 
sludge and environmental samples. 
F430 was extracted three times by sonication with formic acid solution (pH 2) on ice. 
The extracts were centrifuged to recover supernatants. Combined extract was passed through 
ion exchange and reversed phase columns to obtain a F430 crude fraction (modified after 
Mayr et al., 2008). After derivatization, F430 was analysed using NMR, HPLC-DAD and 
HPLC-MS. For quantitative analysis, the derivatized F430 (F430M) was isolated using HPLC 
coupled with a fraction collector to prepare a standard solution. The concentration of the 
standard solution was determined by EA-IRMS. Quantification of F430M was conducted 
using the standard solution as an external standard. 
F430 can be detected by HPLC-DAD (430 nm) with good enough peak resolution for 
isolation (Fig. 1). Derivatization of F430 makes it much more stable than native F430 and it is 
applicable for quantitative analysis of F430. Prepared F430M solution did not show any 
changes in structure and concentration for more than 1 year. Current detection limit of F430M 
by HPLC-DAD analysis is 1 pmol. So far we detected F430 from environmental samples 
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including a paddy field and marine sediment. F430 concentrations were 2.7 pmol/g-sed in a 
soil of paddy field and 0.05 pmol/g-sed in a marine sediment collected from 100 m sediment 
depth at Shimokita Peninsula, which correspond to 1.7×107 to 5.9×107 cells/g-sed and 
3.1×105 to 1.1×106 cells/g-sed of methanogens, respectively. 
 
 
Figure 1.  HPLC chromatograms of F430M extracted from the sludge sample. 
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Application of the alkenone palaeotemperature proxy UK37 in marine sediments 
(Brassell et al., 1986) is typically constrained by three factors: (i) an absence of alkatrienones 
in sediments deposited where ocean waters exceed 28°C because of the temperature limit for 
alkatrienone production (Prahl et al., 2000), (ii) loss of alkenones in thermally altered 
sediments, and (iii) poor preservation of alkenone signals due to oxidative degradation in 
sediments with low organic carbon contents (Prahl et al., 1989). In addition there appears to 
be a temporal limit on the occurrence of alkatrienones, which are conspicuously absent in all 
alkenone-containing sediments from the early Aptian (Brassell et al., 2004) to the immediate 
aftermath of the Early Eocene Climatic Optimum (EECO) when they first appear in Arctic 
Ocean sediments (Weller and Stein, 2008). 
Compilation of reported (e.g. Brassell et al., 2004; Liu et al., 2009) and previously 
unpublished alkenone distributions for the Palaeogene coupled with assessment of co-
occurring calcareous nannoplankton genera within the Noelaerhabdaceae provide evidence 
that evolutionary developments in alkenones represent a biosynthetic response likely triggered 
by climate change. The timing of the first appearance of alkatrienones post-EECO and their 
subsequent appearance at all latitudes during the middle Eocene coincides with significant 
oceanographic changes that accompany the global expansion of the nannoplankton genus 
Reticulofenestra. The changes in trophic structure associated with reduced thermal 
stratification, combined with increases in productivity facilitated by an enhanced influx of 
nutrients (Schneider et al., 2011), and coupled with reestablishment of latitudinal temperature 
gradients likely combined to amplify seasonality, initially at high latitudes. These 
oceanographic changes, in turn, may have favoured algae capable of producing lipid bodies 
rich in alkenones (Eltgroth et al., 2005) during times of higher nutrient availability. The 
frequent association of the occurrence of Reticulofenestra, only occasionally complemented 
by Cyclicargolithus, with the presence of alkenones strengthens this interpretation and 
supports arguments (e.g. Marlowe et al., 1990) that the former genus is the principal source of 
alkenones during the middle Eocene, although the possibility of a non-calcareous haptophyte 
producer cannot be excluded. Indeed, the absence of C38 alken-2-ones in middle Eocene ocean 
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sediments parallels alkenone distributions in both ancient and modern lacustrine environments 
remote from marine influences (Brassell et al., 2004).  
The appearance of C38 alken-2-ones during the late Eocene at high latitudes coincides 
with an increase in the co-occurrence of Cyclicargolithus with sedimentary alkenones, 
although Reticulofenestra remains the dominant co-occurring calcareous nannofossil at low 
latitudes. Alkenone distributions akin to modern patterns expand to lower latitudes during the 
Eocene-Oligocene transition suggesting that changes in alkenone biosynthesis, specifically 
use of propionyl-SCoA (C3 unit) and acetyl-SCoA (C2 unit) primers (Rontani et al., 2006) 
independent of chain elongation, likely reflect an evolutionary adaptation in response to 
cooling global climate. 
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Despite being surrounded by oligotrophic oceans in tropical or subtropical regions, 
coral reef ecosystems are known to nurture remarkably high productions. Although planktonic 
primary production is limited within reef area, the biomass and production of secondary and 
higher trophic levels are generally maintained to be high (Pichon, 1995). In order to reveal 
such a paradoxical food web, it is essential to understand the source and flow of organic 
matters utilized by reef-zooplankton communities because they play an important role to 
transfer energy and materials from primary to higher trophic levels. Therefore, the present 
study aimed to clarify the carbon source for each zooplankton taxon by stable isotopic 
analysis, and to compare the trophic structures between coral reefs in Malaysia and Japan over 
different seasons. 
Zooplankton samples were collected from the reef areas around Bidong Island in 
Malaysia and Sesoko Island in Japan through distinctive seasons in 2009 and 2010. Individual 
species of collected zooplankton were identified according to Todd (1996), and sorted as 
many as required, depending on the size, for stable isotope analysis. Water, sediment and 
coral-related samples were collected as candidates of possible carbon sources for zooplankton 
communities. The samples were treated by 1N HCl, dried for 24h at 60˚C and analysed by 
EA/IRMS. Biomass (mg C m-3) of zooplankton communities were estimated by the 
abundance (ind. m-3) and body length-carbon weight conversion equations (Chisholm and 
Roff, 1999; Heidelberg et al., 2010). 
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Overall, 35 taxonomical groups of 
reef-zooplankton were analysed and their 
δ13C values ranged from ca. -23 to -12 ‰ 
(see Figure), while coral-derived organic 
matter (coral mucus), sedimentary organic 
matter (SOM) and particulate organic 
matter (POM) indicated -14.8, -16.6 and -
25.0 ‰ on average, respectively. 
Copepods showed small variations among 
different genera (ca. -23~ -19 ‰), whereas 
other taxa indicated much larger variations 
among distinctive orders (ca. -22~ -12 ‰) 
as indicated in the Figure. Furthermore, the 
seasonal variations of copepods were 
relatively smaller than those of non-
copepod groups. These results suggest that, 
regardless of previously reported feeding 
preferences, copepods may selectively 
utilize the isotopically lighter carbon 
sources, namely which are most likely 
phytoplankton. In contrast, most non-
copepod taxa such as Amphipoda, 
Decapoda, Mysidacea, Cumacea and 
Isopoda that were occasionally dominant 
in biomass seemed to feed on isotopically 
heavier carbon sources. This implies that 
bentho-pelagic zooplankton groups are 
capable or prefer to utilize coral-derived organic matters such as coral mucus and SOM. Thus, 
they could maintain their large biomass among lower trophic communities. Moreover, 
significant seasonal and/or geographical variations in δ13C values were found in many 
taxonomical groups. This suggests that the carbon sources for reef-zooplankton could be the 
same but they possess distinctive isotopic signatures, or they may possess certain selectivity 
of their food in relation to geographical and/or seasonal differences in food environment. 
The present study revealed the existence of multiple food chains based on isotopically 
distinctive carbon sources in coral reef ecosystems. Our results also clarify that feeding 
preference of reef-zooplankton could be geographically and/or seasonally different even 
among the same taxonomical groups. Such complicated food chains, therefore, must enable 
coral reef ecosystems to maintain high productivity by complimenting their limited sources. 
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Protosalvinia is an upper Devonian thalloid that has attracted the attention of 
stratigraphers for its reliability as a tool for correlating the Upper Devonian black shales in the 
eastern United States (Matthews, 1983). For palaeobotanists, these thalloids are of particular 
interest for their problematic taxonomic affinity. On the basis of the morphology of these 
thallus-like remains, the depositional environment and chemical analyses, Protosalvinia has 
been related to both algal (Schopf 1978) and non-algal (terrestrial habitat) origin (Niklas & 
Phillips 1976; Romankiw et al., 1987).  
This study aims to shed more light on the position of Protosalvinisa in the plant 
kingdom. To achieve this, we analyzed the lipid biomarkers isolated from Protosalvinia-rich 
strata and isolated talloids from the Ohio Shales (Huron Member), Ohio - United States.  
The saturated fraction is dominated by C14 to C35 n-alkanes with a maximum at C17. 
The long chain n-alkanes could derive from waxes associated with land plants, but show no 
odd/even carbon predominance. Bicyclic and tricyclic sesquiterpenoids were also identified, 
presenting drimane and eudesmane skeletons respectively. The eudesmane skeleton is present 
in terrestrial plants (angiosperms and liverworts) and considered as a marker of terrestrial 
origin (Noble, 1986; Romero-Sarmiento et al., 2011). Drimane derivatives are of bacterial 
origin. Saturated cheilanthane sesterterpenoids attest for an algo-bacterial input of organic 
matter (OM). Polycyclic triterpenoids are dominated by C27-C29 steranes and diasterenes, 
dominated by the C29 homolog. The C29 steroids occur both in terrestrial plants and algae. 
Hopanoids distribution was dominated by αβ-hopanes from C28 to C33, attesting a bacterial 
contribution. 
The aromatic fraction revealed the presence of mono-, di-, tri and tetra-
methylnaphtalenes and phenantrenes. This fraction also contains isohexylalkylnaphtalene, 
tetrahydroretene and retene derivatives. Retene derivatives are though to derive from abietic 
acid present in conifers (Hautevelle et al., 2006). However, these compounds have been 
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recently found in Ordovician-Devonian sediments from Ghadamis Basin-Tunisia (Romero-
Sarmiento et al., 2011) indicating the presence of early land plants and another possible 
biosynthetic pathway and subsequent maturation, (eg. phyllocladane or kaurane-type 
molecules; Alexander et al., 1987).  Isohexylalkylnaphtalenes are supposed to be derived from 
higher plants diterpenoids and triterpenoids (Ellis et al., 1996). 
The analysis of molecular biomarkers of shales rich in Protosalvinia, provides new 
information on the chemical composition of this thalloid and helps to determine its botanical 
affinity. By looking at the molecular composition, the presence of several terrestrial plant 
biomarkers in the extracts support the existing evidence that relates Protosalvinia with land 
plants. 
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The atmospheric-marine redox condition during Mesoproterozoic has been extensively 
disscussed in recent years [1–3]. It is suggested that anoxygenic photosynthesis could have 
modulated oxygen production and sustained an intermediate redox state in the oceans for the 
Mesoproterozoic [4]. However, the biomarker evidence for anoxygenic photosynthesis as the 
major primary production is very limited to date.  
The North China Craton is one of the best regions in the world for revealing the 
Mesoproterozoic biotic and environmental coevolution. Based on a high-resolution molecular 
organic geochemical study on the Mesoproterozoic sediments (ca. 500 outcrop samples from 
6 sections and 200 core samples from 4 drillcores), the composition and evolution of 
eukaryotes and prokaryotes, as well as its realtionship to the oxygen production and organic 
matter burial during this period were studied. Here, we provide the evidence for prokaryote 
dominating the primary production and organic matter burial on the Mesoproterozoic 
(1.6–1.3Gyr) North China Craton. 
The occurrence of various steranes (including methylsteranes) from the organic-rich 
dolomites of Gaoyuzhuang Fm. (1.6–1.5Ga) provides the robust evidence for the early 
Mesoproterozoic diversification of eukaryotes. However, eventhough the eukaryotes were 
dominated in the primary production, the benthic microbial mat could have contributed much 
to the organic matters in the Gaoyuzhuang dolomites, evidenced by higher abundance of the 
mid-chain branched alkanes diagnostic of benthic cyanobacteria.  
The organic-rich black shales of the mid-Mesoproterozoic Hongshuizhuang and 
Xiamaling Fm. (1.45–1.3Ga) may have provided a remarkable case for an absolutely 
prokaryotic microbial primary production in the Mesoproterozoic. The evidence includes: 1) 
Steranes diagnostic for eukaryotes are below the detection limit. 2) The very concentrations of 
regular tricyclic terpanes and isoprenoid hydrocarbons (such as pristane and phytane). 3) The 
saturates are predominately composed of (mid-chain) branched alkanes, long-chain 
cycloalkanes and alkylbenzenes. 4) In contrast with the 1.64-Ga-old Barney Creek Formation 
[5], the concentration of aryl-isoprenoid hydrocarbons diagnostic of green and purple sulfur 
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bacteria are very low, coinciding with the very low concentration of dibenzothiophenes. 5) 
The series of 13(n-alkyl)-tricyclic terpanes occurs as a unique biomarker for the prokaryotic 
microbial mat in Hongshuizhuang–Xiamaling shales [6].  
This biomarker assembly suggests that the organic-rich shales were deposited in a 
unique benthic prokaryotic microbial mat where the primary production was dominated by 
cyanobacteria and other bacteria, while phototrophic green and purple sulfur bacteria were 
possibly inhibited by limited sulfide budget. It is important that if the prokaryotic microbial 
mat could have contributed to the major primary production and especially the organic carbon 
burial, than it could have contributed little to the Mesoproterozoic oxygen production, given 
that the cyanobacteria were anoxygenic or micro-oxygenic [4]. In addition, widespread 
developing of the microbial mat could possibly have inhibited the build-up of eukaryotic 
ecosytem in the Mesoproterozoic surface oceans.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Mass chromatograms showing various biomarkers from Xiamaling black shale. 
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 Submarine hydrothermal vent systems represent extreme environments with specific 
biogeochemical conditions, which promote the establishment of microbial communities with 
unique metabolic pathways. Energy sources for primary production in these systems build up 
at the interface of the hot, reduced fluids venting from below and the cold, oxygenated 
seawater penetrating into the seafloor. In contrast to deep-sea hydrothermal venting, shallow 
water hydrothermal vents not only support chemoautotrophic processes but also phototrophic 
primary production. However, comprehensive studies targeting the predominant 
biogeochemical processes and the associated carbon uptake strategies at shallow water 
hydrothermal vent systems are rare, and consequently a holistic understanding of the 
functioning of these ecosystems is poorly developed. 
We investigated a shallow water hydrothermal vent site 150 m off the Greek island 
Milos (10 m water depth) in the Aegean Sea. The coast of Milos has a geothermally active 
seabed of approximately 35 km2 (Dando et al., 1995), characterized by steep temperature 
gradients and hydrothermal fluids reaching up to 116 °C, as well as arsenic concentrations of 
close to 80 μM, which equals nearly 3,000 times the concentration of seawater As (Price et al., 
in press).  
In order to investigate the temperature effect on the various microbially mediated 
carbon fixation processes at the Milos hydrothermal vent system, stable isotope probing 
experiments were performed under different temperature conditions. Incubations were carried 
out in the dark with surface sediment mimicking the natural temperature gradient ranging 
from 45 to 85 °C, and following a time series of 24, 48 and 72 h.  
Uptake was mainly into some bacteria-specific fatty acids such as aiC15:0 and iC17:0. 
Preliminary results show a considerable and fast (within 24 h) carbon uptake into specific 
fatty acids and indicate that Milos sediments harbour highly active chemoautotrophic 
microbial communities. Moreover, the experimental setup designed for this study allowed to 
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trace the carbon flow through microbial communities at marine shallow water hydrothermal 
vent systems. 
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The shallow water hydrothermal vents off Milos Island, Greece, discharge hot, slightly 
acidic, As-rich, reduced fluids into the cold, slightly alkaline, oxygenated seawater. Gradients 
in temperature, pH, and total As, among others, are established as the two aqueous phases mix, 
allowing multiple possibilities of redoxclines, which act as zones of high dark-CO2-fixation. 
However, in shallow water hydrothermal vent systems the extent of chemoautotrophy and the 
identity of most chemolithoautotrophic organisms is still unknown. We investigated different 
shallow hydrothermal vents off Milos, which are characterised by high temperature fluids (up 
to 116°C) and extremely high loads of hydrogen sulfide and arsenic (Price et al., in press). 
Main aim of this study was to investigate the composition and functioning of shallow vent 
microbial communities, by using lipid biomarker and gene-based approaches in a comparative 
way. To evaluate the naturally occurring microbial communities in their environmental 
context, we analysed the diversity of intact polar lipids (IPLs) and performed molecular 
automated ribosomal intergenic spacer analysis (ARISA), alongside porewater geochemical 
analyses and in situ microsensor profiling. Microbial functioning was assessed by stable 
isotope probing experiments on lipid biomarker and rRNA level. 
In situ microprofiles of temperature, pH, as well as oxygen concentration at the 
shallow vents off Milos indicate an extreme environment with steep gradients, offering a 
variety of microniches for metabolically diverse microbial communities. We sampled a 
transect along a hydrothermal patch, following an increase in surface temperature from 
background to 90°C, including five sampling points up to 20 cm sediment depth. 
Investigation of the bacterial diversity using ARISA revealed differences in the community 
structure along the geochemical gradients, with lowest similarities between the background 
and highly hydrothermally impacted sites. Furthermore, using multivariate statistical analyses 
it could be shown that variations in the community structure could be attributed to differences 
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in the sediment geochemistry and especially the sulfide content, and only indirectly to shifts 
in temperature. 
A comparison between intact polar lipid (IPL) variations and ARISA data will be 
presented in order to assess the utility of IPLs as a proxy to describe microbial communities in 
these systems. Large differences in the IPL composition along the transect were evident. IPLs 
from hydrothermally unaffected sediments were dominated by phospholipids (e.g. PC-DAG) 
and betaine lipids, both likely derived from photosynthetic algae. In contrast, hydrothermally 
influenced sediments showed increasing contributions from glycolipids and ornithine lipids, 
pointing towards a bacterial source. Overall, IPL distribution appears to be consistent with 
gene-based surveys. 
Furthermore, we performed stable isotope probing experiments with 13C-bicarbonate 
to directly link the capacity for dark CO2 fixation with the identity of the main 
chemolithoautotrophic microorganisms. The incorporation of 13C into chemolithoautotrophic 
cells was investigated by lipid biomarker analysis as well as rRNA-based stable isotope 
probing (RNA-SIP) after incubation for 24, 48, and 72 h under in situ conditions.  
Our results will lead to a careful evaluation of the advantages and disadvantages of 
lipid-biomarker and gene-based approaches and will underpin that a combination of different 
methods is an essential prerequisite for an in-depth understanding of microbial communities 
in geomicrobiology.  
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More than 20% of the world’s natural gas resources are estimated to be of biogenic 
origin (Rice and Claypool 1981, Rice 1992). The origin of gas was interpreted from 
geochemical data, such as high molecular ratios of methane to ethane plus propane in the gas 
and lower stable carbon isotope compositions of methane. This means that subsurface 
microbes are important as the producers of natural gas. However, it is unclear when and 
where the microbes produced methane and what kind of substrates they utilize. To address 
these issues, we investigated microbial methanogenesis in Pleistocene sediments from 
Minami-Kanto gas field in central Japan. The gas field is widely distributed in the southern 
area of the Kanto Plain and the gas dissolved in the formation water consists almost solely of 
biogenic methane (Igari and Sakata 1989). Mochimaru et al. (2007) found that methanogens 
are living in formation water from the production wells. 
In order to estimate the potential of microbial methanogenesis core sediments were 
obtained by drilling, and sludge sediments were collected from the settling ponds for two 
production wells. Sludge sediments were deposited in the settling ponds, which were located 
downstream of the gas-water separators. We estimated methane production rates in core 
sediments by tracer experiment with 14C-labeled substrates ([14C] –bicarbonate and [2-14C] -
acetate). We also monitored methane production activity in long-term incubation experiments 
of the core and sludge sediment.  
We detected microbial methanogenesis activity in the sediments from the natural gas 
field. Radiotracer experiment suggested that microbial methanogenesis would occur in the 
sediments at depth of 287-607 m and carbonate reduction was the main methane production 
pathway. Methane production rate in the sediment at the depth of 607 m was as high as those 
observed in hydrate-bearing region at Blake Ridge. In situ temperatures of the sediments (ca. 
25 °C) are higher than those of the subseafloor sediments previously investigated (Yoshioka 
et al. 2009; 2010), which might be among the reasons for the high methanogenesis activity. 
Long-term incubation experiments of the core sediments showed that intense methane 
production occurred after a lag time of 100 to 300 days (Figure 1). Incubation experiments of 
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the sludge sediments showed intense methanogenesis occurred with no apparent lag and 
continued for a few months. Carbon source of the produced methane in the incubations was 
interpreted to be mainly derived from sedimentary organic carbon, because decrease in the 
organic carbon content in the sediments could account for the amount of methane production. 
The result indicates that subsurface microbes can utilize a substantial fraction of the 
recalcitrant sedimentary organic matter as the source of methane production.  
 
 
Figure 1.  Cumulative amount of methane produced in the incubation experiments of the core 
sediments from the natural gas field in Japan 
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Carbon capture and storage (CCS) is considered a promising new technology which 
reduces carbon dioxide emissions into the atmosphere and thereby decelerates global 
warming. During CCS, carbon dioxide is captured from emission sources (e.g. fossil fuel 
power plants or other industries), pressurised, and finally stored in deep geological formations, 
such as former gas or oil reservoirs as well as saline aquifers. However, with CCS being a 
very young technology, there are a number of unknown factors that need to be investigated 
before declaring CCS as being safe. Our research investigates the effect of high carbon 
dioxide concentrations and pressures on an indigenous microorganism that colonises a 
potential storage site. 
Growth experiments were conducted using the thermophilic thiosulphate-reducing 
bacterium Petrotoga sp., isolated from formation water of the gas reservoir Schneeren (Lower 
Saxony, Germany), situated in the Northern German Plain. Growth (OD600) was monitored 
over one growth cycle (10 days) at different carbon dioxide concentrations (50%, 100%, and 
150% in the gas phase), and was compared to control cultures grown with 20% carbon 
dioxide. An additional growth experiment was performed over a period of 145 days with 
repeated subcultivation steps in order to detect long-term effects of carbon dioxide. 
Cultivation over 10 days at 50% and 100% carbon dioxide slightly reduced cell growth. In 
contrast, long-term cultivation at 150% carbon dioxide reduced cell growth and finally led to 
cell death. This suggested a more pronounced effect of carbon dioxide at prolonged 
cultivation and stresses the need for a closer consideration of long-term effects.  
Experiments with supercritical carbon dioxide at 100 bar completely inhibited growth 
of freshly inoculated cultures and also caused a rapid decrease of growth of a pre-grown 
culture. This demonstrated that supercritical carbon dioxide had a sterilising effect on cells. 
This effect was not observed in control cultures with 100 bar of hydrostatic pressure. 
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Further experiments will examine physiological and molecular properties of the model 
organism allowing for prediction of its sensitivity and/or adaptability to carbon dioxide in 
potential future storage sites. 
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The main two challenges in the study of the organic matter (OM) from the most 
ancient rocks on Earth (such as the Archean cherts) are to establish their biogenicity and 
syngeneity. Indeed, ancient geological materials may have been contaminated through 
geological time. Thus, establishing the syngeneity of the organic matter embedded in a 
mineral matrix is a crucial step in the study of very ancient rocks. Pyrolysis-GC-MS was 
recently proposed as an emerging technique for establishing biogenicity of 3.5 Gyr old 
insoluble organic matter in cherts (Derenne et al., 2008) and the electron paramagnetic 
resonance (EPR) lineshape of the OM was shown to be related to the age of the chert 
(Skrzypczak et al., 2008). In the framework of a larger study aiming at testing the general 
potential of this approach, we investigated the chemical structure of the OM from a set of nine 
cherts of various ages (Devonian to Archean), localities and metamorphic facies. Their 
corresponding kerogens were analyzed by elemental analysis, 13C Nuclear Magnetic 
Resonance spectroscopy, Raman spectroscopy, EPR spectroscopy, High Resolution 
Transmission Electron Microscopy and Pyrolysis-Gas Chromatography-Mass Spectrometry.  
This multi-technique analysis showed that the carbon in all the chert samples fall into 
the carbonization phase and has not undergone graphitization (Fig. 1). Moreover, for samples 
of Archean age, the influence of time seems predominant over that of temperature. Therefore, 
for the case of well-preserved Archean samples, the notion of geothermometry is no longer 
suitable. We also showed that determination of biogenicity by pyrolysis-GC-MS requires the 
presence of a significant aliphatic of component, otherwise fatty acid decarboxylation may 
bias the n-alkane distribution. However, in most cases, mature samples such as Archean cherts 
usually do not have such an aliphatic fraction, thus pointing to the limits of this approach and 
the need for another biogenicity marker. 
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A correlation between the age of Precambrian samples and the shape of their EPR 
signal (from Gaussian to Lorentzian and SupraLorentzian) was established and statistically 
tested for a large set of cherts having a metamorphic grade no higher than greenschist (i.e. 
before the graphitisation domain), thus making the previously proposed correlation more 
robust. As thermal treatments impact organic matter maturity, the effect of temperature on this 
syngeneity proxy was studied. Furthermore, the possible effect of metamorphism on this 
proxy, was ruled out for the chert samples older than 2 Gyr that we analysed, based on the 
study of Silurian cherts having the same age but various metamorphic grades. We determined 
that even the most metamorphosed sample did not exhibit the SupraLorentzian lineshape 
typical for an Archean sample. In the hope of detecting organic contamination in Archean 
cherts, a "contamination-like" mixture was prepared and studied by EPR. This showed that 
lineshape analysis alone does not allow contamination detection and that cumulative thermal 
treatment needs to be performed in parallel. Such treatment was applied to three Archean chert 
samples, making dating of their carbonaceous matter possible. EPR thus appears as a powerful 
tool to study primitive organic matter and could be used in further exobiology studies on low-
metamorphic grade samples (from Mars for example). 
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Figure 1. Evolution of Raman R1 ratio 
[I(D1)/I(G)] vs HRTEM-derived 
polyaromatic layer extent La  
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Biohydrogenation of sterols during the earliest stages of diagenesis, either within the 
first centimeters of sediments (Gaskell and Eglinton, 1974), or within the water column 
(Wakeham, 1989), has been shown to be an efficient transformation pathway of steroids in 
anoxic environments, leading predominantly to the formation of 3(OH),5(H)-stanols. 
Alternatively, stanols can be formed by reduction of sterols in the intestinal tract of most 
higher mammals, but in this case, the stanols that are formed have a 5(H) configuration. 
Consequently, in environmental studies aiming at determining the anthropogenic/animal 
impact on natural systems, 5(H) stanols are commonly used as relatively specific markers 
for faecal matter, or, more generally, for sewage monitoring (e.g., Bull et al., 2002). 
In the course of archaeometric studies dealing with the search of chemotaxonomic 
biomarkers in ancient buried wood (oak, alder, birch, willow), we noted the systematic 
presence of sitosterol 1 as the predominant phytosterol, together with 5(H)-stigmastanol 2, 
both compounds being present in varying relative proportions in ancient wood buried under 
anoxic conditions. In addition, we also frequently detected three early-eluted 24-ethyl stanols 
(3-5; Fig. 1) in the gas chromatograms from the lipid extracts from a number of these buried 
wood samples (7 samples, corresponding to oak, alder and birch). Compounds 4 and 5 could 
be identified as 3(OH)- and 3(OH),5(H)-stigmastanes by their mass spectra and 
comparison with the relative retention times in gas chromatography (GC) of standards (as 
acetate derivatives) from the corresponding C27 homologues (i.e., coprostanol and 
epicoprostanol), whereas the identification of compound 3 as 3(OH),5(H)-stigmastane was 
determined by coelution experiments and mass spectral comparison with a synthesized 
standard. Surprisingly, although rarely (if ever) reported among sedimentary steroids, stanol 
3 occurred generally in higher relative abundance than the corresponding (and more 
common) 5(H)-isomers in buried wood, its abundance paralleling the decrease of sitosterol 
1 and increasing with the degree of wood alteration. Except 5(H)-stigmastanol 2, present in 
different relative amounts together with sitosterol 1, the lipidic content of fresh wood samples 
from the corresponding tree species was devoid of stanols 3-5, suggesting that the latter are 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 298 -
formed upon diagenetic processes occurring during wood decay. It is noteworthy that 
investigation of a degraded oak wood sample exposed to atmospheric (i.e., aerobic) 
conditions did not show the presence of such stanols, their formation being likely related to a 
natural degradation process occurring within the wood under anaerobic conditions. 
Since the ratio of 5(H)-stanols/stenols is frequently used in pollution studies as a 
proxy to estimate the extent of human/animal waste introduced in the environment (e.g., Bull 
et al., 2002), we suggest that care should be taken when applying this ratio in the case of 
samples with a high organic contribution from vegetal material (wood, particularly). A non-
negligible part of 5(H)-C29 stanols (or, more generally, of stanols) may indeed have a 
natural, non-anthropogenic origin, leading to an over-estimation of “non-natural“ inputs. 
Such a contribution from decaying woody/plant material can be anticipated when significant 
amounts of 3(OH),5(H)-stigmastane 3 are present, the formation of this overlooked (and 
rarely mentioned) compound being mainly attributable to the natural reduction of 
phytosteroids upon anaerobic wood degradation. 
 
Figure 1: Partial mass chromatogram m/z (215 + 396) showing the distribution of 24-ethyl 
sterols (analysed as acetate derivatives) from a sample of buried oak wood (Gerstheim, 
Alsace). 
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 Amber, also called resinite, results from the fossilization of a plant resin produced by 
mostly conifers and a few angiosperms (e.g. Fabaceae). Since prehistoric times, amber has 
been a highly valuable material because of its rarity, special glow and ability to be cut as 
jewels. From a palaeontological point of view, Cretaceous-Cenozoic amber displays 
exceptional preservations of fossil inclusions. Its main scientific interest relies on the fact that 
viscous plant resins constitute efficient traps of small animals and plant debris. Amber is, 
thus, very good for recording the palaeobiodiversity of continental environments and, in some 
way, it constitutes a "picture" of terrestrial palaeoecosystems.  
 Amber itself is a material that has been far less studied than the biological inclusions 
trapped inside. Nevertheless, it may provide many relevant palaeoenvironmental and 
palaeoecological insights, and in particularly from the chemical composition. Generally, 
amber is almost exclusively composed of terpenoids that are the main components of plant 
resins. Some of them polymerize during diagenesis, leading to the hardening of the plant 
exudate and to its transformation into amber while others remain unlinked and trapped into 
the polymer. A chemical classification of amber, based on the nature of the polymer was 
proposed by Anderson et al. (1992). It establishes correspondences between different ambers 
whatever their provenance. Free terpenoids can bear palaeochemotaxonomical significance 
and botanical sources can be identified. 
 Four ambers categories have been studied from the Albian-Cenomanian deposits from 
Charentes (SW of France). Three separate and well-documented amber-rich beds have been 
sampled (A1, A2 and B2) in three localities (La Buzinie, Archingeay, Cadeuil ; Néraudeau et 
al., 2002). Polymerized material has been analyzed by py-GC-MS. Soluble terpenoids have 
been extracted with dichloromethane/methanol before being analyzed by GC-MS.  
The objectives of this work are: 
1) to determine at which class(es) of the chemical classification these ambers belong to ; 
2) to define their botanical origin(s).  
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 Molecular analyzes show that these amber categories are characterized by a single 
molecular signature represented by various mono-, sesqui- and diterpenoids. It is definitely 
the same terpenoids that are present in all amber categories, though their relative proportions 
can change from a sample to another. This means that they probably have the same botanical 
origin and that they underwent similar diagenetic conditions. 
 Py-GC-MS analyzes show the presence, among the main compounds generated by the 
cracking of the polymer, of bicyclic compounds produced by the thermal cleavage of the side 
chains of polymerized labdatrienes. Their presence in high abundance in pyrograms 
demonstrates that these ambers belong to the class I. Thus, class I amber is characterized by a 
polymer composed of labdatriene monomers. This class includes most of the ambers found in 
the world and is, thus, divided into 3 sub-classes. Sub-class Ia is characterized by the presence 
of succinic acid and this acid is totally absent from the studied ambers. At this stage, it is not 
possible to determinate whether these amber categories belong to the sub-classes Ib or Ic 
because the structure of the labdatriene monomers could not be precisely identified. 
 GC-MS analyzes of unpolymerized terpenoids indicate the abundance of tricyclic 
diterpenoids. This strongly implies that the plant at the origin of the fossilized resin was a 
conifer. An angiosperm origin is excluded due to the lack of triterpenoids in the organic 
extracts. A more detailed study of these specific compounds shows the presence of 
oxygenated abietanes like ferruginol and abietanoic acids as well as the absence of tetracyclic 
diterpenoids. This molecular signature excludes as the plant sources Pinaceae and 
Araucariaceae, which are today the main resin producers. Inversely, this distribution is rather 
consistent with the fossil family Cheirolepidiaceae. Therefore, the amber studied probably 
originates from the fossil conifer species Frenelopsis alata of which megafossil remains are 
abundantly collected from the Albian-Cenomanian deposits of Charentes. 
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Peat deposits on the Tibetan Plateau have been continuously accumulated at a fairly high 
rate, providing a regional paleoclimate record of the latest Pleistocene and the Holocene and 
specifically the influences of the East Asian and Indian monsoon systems. A number of 
studies have been conducted in the bog area to understand the past climate changes in the 
eastern Tibetan Plateau peatland (e.g., Yu et al., 2011). Here, we evaluate the link between 
temperature (MBT/CBT), precipitation (leaf wax D values), vegetation (alkyl compounds, 
triterpenoids etc.), redox conditions (stanol/sterol ratios) and microbially mediated processes 
and especially methanogenesis (archaeol, GDGT-0), in a 6.5-m peat core (covering the whole 
Holocene) collected from the undisturbed central part of a peat deposit near Hongyuan. 
Dialkyl glycerol ether (DAGE) lipids present in the Hongyuan peat sequence include 
archaeol, hydroxyarchaeol and C15-C16 alkyl moieties (either anteiso or iso). Archaeol and 
both hydroxyarchaeol components presumably derive from methanogens in such settings 
(Pancost et al., 2011). Although bacterial DAGEs have been ascribed to sulphate-reducing 
bacteria in marine settings, such an origin seems unlikely here. Nonetheless, we tentatively 
suggest they could also derive from anaerobes based on their limited occurrence in other 
aerobic terrestrial settings. Concentrations of these biomarkers are relatively low in surface 
peat, as has been reported elsewhere, and then increase dramatically below the water table.  
Below that, however, significant downcore variations in their concentrations suggest a 
paleoenvironmental control on these anaerobic organisms. Concentrations of archaeol are 
high during the Intervals I and III, and then low during the Interval II and shallow peat (Fig.1). 
We suggest that intervals with high concentrations of archaeol are indicative of enhanced 
methanogenic activity occurring under anaerobic, i.e. relatively wetter climate conditions; this 
interpretation is supported by co-occurring elevated concentrations of the bacterial DAGEs, 
humification indices and elevated stanol/5-sterol ratios (data not shown).   
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Elevated humification indices are typically interpreted as evidence for wet climate; our 
records extend on that interpretation and reveal a potential link between wet climate (during 
Intervals I and III), anaerobic conditions and microbial processes, particularly methanogenesis.  
By extension, these results provide confirmation of a causal link between the Asian Monsoon 
system and methane emissions from Asian wetlands through the Holocene. We note that the 
link is not simple: archaeol concentrations in Intervals I and III are similar, whereas Asian 
summer monsoon intensity appears to be higher in Interval I than Interval III. Therefore, 
precipitation intensity might not be an only important control on methanogenesis. Nonetheless, 
the broad similarity of climate and microbial signals confirms that changing climate 
conditions in the Tibetan peatlands can contribute to changing methane emissions during the 
Holocene.  
0
3
6
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750
H
yd
ro
xy
ar
ch
ae
ol
(u
g/
g)
Depth(cm)
0.2
0.4
0.6
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750
H
um
ifi
ca
tio
n
Dry peat 
Interval II
Mud
Interval
Shallow
peat
Wet peat Interval I
Wetter
Drier
Intermediate 
peat Interval 
III
0
2
4
A
rc
ha
eo
l(u
g/
g)
 
Figure 1.  The downcore variations of concentrations of archaeol, hydroxyarchaeol and 
humification records from Hongyuan peat core 
REFERENCES 
Pancost,R.D., McClymont, E.L., Bingham, E.M., Roberts,Z., Charman, D.J., Hornibrook, 
E.R.C., Blundell,A., Chambers, F.M., Lim, K.L.H., Evershed, R.P., 2011. Archaeol as 
methanogen biomarker in ombrotrophic bogs, Organic Geochemistry  42, 1279-1287. 
Yu, X.F., Zhou, W.J., Liu Z., Kang, Z.H., 2011. Different patterns of changes in the Asian 
summer and winter monsoons on the eatstern Tibetan Plateau. Holocene 21, 1031-1036. 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 303 -
PHOSPHORUS REPLACEMENT IN DIATOM LIPIDS: QUANTIFICATION OF 
PHOSPHOLIPIDS AND NON-PHOSPHORUS LIPIDS 
 
Jonathan E. HUNTER1*, George ATTARD2, Anthony POSTLE3, C. Mark MOORE1 and 
Rachel A. MILLS1 
 
1. Ocean and Earth Science, University of Southampton, SO14 3ZH 
2. Chemistry, University of Southampton, SO17 1BJ 
3. Faculty of Medicine, University of Southampton SO16 6YD 
*Corresponding author: J.Hunter@noc.soton.ac.uk 
 
Diatoms are a diverse and populous class of eukaryotic microalgae, representing a 
significant component of the oceanic phytoplankton and yielding up to 25% of the global, 
annual primary production.1 The marine diatom Thalassiosira pseudonana (T. pseudonana) is 
a leading model for the study of diatom biogeochemistry, due in part to the publication of its 
complete genome.2 Like all organisms, T. pseudonana has an obligate phosphorus 
requirement for growth. In oligotrophic regions such as the Sargasso Sea however, 
phosphorus is vanishingly scarce, with dissolved phosphate (PO43-) at concentrations of less 
than 10 nmol L-1.3,4 In order to compensate for starvation of this key macronutrient, 
unicellular organisms such as T. pseudonana can remodel their cellular lipidome. The 
phosphorus containing phospholipids are a component of the intact polar lipids (IPLs) that 
comprise the cell membranes. Under phosphorus starvation, these phospholipids are 
substituted for non-phosphorus lipids bearing nitrogen or sulphur based headgroups. This 
reduces a cell’s phosphorus requirement allowing for the maintenance of growth.4 
 The dynamics of this substitution have only been investigated to the level of lipid head 
group class. Understanding the behaviour of individual lipid species, bearing different fatty 
acyl or fatty alkyl compositions, during substitution, is critical to understanding an organism’s 
metabolism. We present therefore, a controlled laboratory experiment designed to test the 
hypothesis that “IPL molecular species composition varies subject to phosphorus abundance, 
within the variable IPL classes of T. pseudonana.” 
To this end, the IPL profile of cultured T. pseudonana, transferred from phosphorus-
replete (P+) medium to P+ and phosphorus-free (P-) medium was characterised over 48 hours, 
to individual lipid species level by direct infusion electrospray ionisation tandem mass 
spectrometry (ESI-MS/MS).  
In the P- case, phospholipid quantities per cell generally dropped drastically and 
uniformly within each class, with the exception of the dominant phosphatidylcholine (PC) 
class. A preferential substitution of lower mass PCs was reflected in a reciprocal trend within 
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its nitrogen based substitute diacylglycerylcarboxy-N-hydroxymethylcholine (DGCC),4 
suggesting rapid interconversion between the two. As a biomarker this may aid discrimination 
between short and long term responses to phosphorus starvation. High mass, long chain lipids 
of the class phosphatidylethanolamine (PE) increased in quantity under phosphorus starvation, 
the only phospholipids to do so. Their fatty acids could potentially yield fossil biomarkers for 
periods of past phosphorus scarcity.  
This study has yielded much insight into the metabolism of T. pseudonana and 
highlighted potential biomarker candidates for aspects of phosphorus starvation, of assistance 
in the interpretation of environmentally derived IPL data. 
  
Figure 1. DGCC (DC in figure) relative composition under phosphorus starvation, through 
time. Fatty acyl/alkyl groups tentatively assigned from the total fatty acid profile of T. 
pseudonana.5 The early composition was dominated by low mass lipids, with the percentage 
contribution of higher mass species increasing with time. 
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Microbial membrane lipids play an important role in the physiological adaptation of 
organisms to changes in temperature, pH, salinity or nutrient availability. In archaea, for 
instance, the presence of isoprenoidal glycerol dialkyl glycerol tetraethers (GDGTs) results in 
cell membranes with lower ion permeability when compared to fatty acid containing bacterial 
lipids [1]. Correlations of the abundance of GDGTs, as well as the degree in cyclization in 
GDGTs with increasing temperature or decreasing pH were shown in cultures and 
environmental studies [cf., 2,3]. However, sometimes these correlations were either weak or 
absent [e.g., 4], thus indicating that the adjustment of membrane lipids to environmental and 
energetic stress is caused by multiple variables. This study therefore aims to decipher 
relationships of 16 environmental parameters with the composition of archaeal and bacterial 
intact polar membrane lipids (IPL) in 23 diverse hot springs at Yellowstone National Park. 
These hot springs span a temperature range from 28 to 84°C and pH 1.8 to 8.7 (Fig. 1a), the 
environmental variables include temperature and pH as well as concentrations of oxygen, 
metals, nutrients and dissolved inorganic and organic carbon. The relationships between these 
parameters is evaluated using a suite of analyses, including non-metric multidimensional 
scaling (NMDS) ordination (Fig. 1b) and are also discussed in light of the composition of the 
microbial communities present in these samples. 
Strong and significant (p-value <0.05) correlations were identified between the 
distribution of IPLs and environmental parameters such as Fe2+, NH4+, and conductivity (Fig. 
1b).  Surprisingly, the distribution of IPL head groups exhibited weak and less significant 
correlations (p-value 0.54) with pH.  In contrast, pH had a strong and significant influence on 
the core lipid composition of GDGTs. The correlation between conductivity (which can 
roughly be equated to ion strength or salt content) with diglycosidic GDGTs and glycerol 
dialkyl nonitol tetraethers (GDNTs) suggests that these lipids may have a role in the 
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adaptation of populations synthesizing these lipids (e.g., archaeal order Sulfolobales) to ionic 
stress. Albeit not significant, the positive correlation noted between GDNT occurrence and 
temperature (p-value 0.19) suggests that the ability to synthesize GDNTs may confer 
membrane stability at high temperature and may have played a role in the diversification of 
microbial populations synthesizing this lipid to high temperature. At lower temperatures, 
lipids typical of phototrophic populations were identified including sulfoquinovosyl 
diacylglycerol (SQ-DAG), diglycosyl diacylglycerol (2Gly-DAG) and betaine lipids (BL). In 
environments with higher temperature and which exclude photosynthesis, lipids containing 
aminopentanetetrol (APT) and phosphatidyl inositol (PI) head groups with ester and ether-
bound core lipids as well as several yet unidentified IPLs (Fig. 1b) increase in abundance. 
These lipids can be attributed to deeply-branching lineages affiliated with the bacterial order 
Aquificales. In addition to linking a number of environmental variables with the relative 
proportion of polar head groups, we also identified strong relationships between 
environmental parameters and the degree of unsaturation, cyclization and methylation of both 
archaeal and bacterial core lipids. Collectively, this research advances our understanding on 
microbial membrane evolution and physiological adaptations to environmental stress. 
 
Figure 1. a) Temperature and pH range of investigated hot springs. b) NMDS ordination 
analysis and vectors indicating association of environmental parameters with lipid based 
ordination. Longer arrows represent stronger correlations, for p values (significance of 
correlation) and lipid abbreviations, refer to text. 
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Soil organic matter (SOM) is a major store of terrestrial carbon (C), and peat soils 
make up a large proportion of this terrestrial C sink, containing 30% of global SOM (Parish et 
al 2008). Northern peatlands themselves cover an area of around 4 x 106 km2, and currently 
store around 547 Gt of organic carbon as waterlogged peat (Yu et al. 2010). Some of the 
major peat forming plants are the Sphagnum mosses but there is also a significant contribution 
from vascular plants as well as other non-Sphagnum mosses. Lignin is the second most 
abundant biopolymer in vascular plants, however, bryophytes such as Sphagnum do not 
synthesize lignin (Weng and Chapple, 2010). Previous work in our laboratory (Abbott et al., 
2013) has led to the hypothesis that lignin phenols become clathrated and physically bound 
within the Sphagnum cell walls which renders them inaccessible to solvent extraction. They 
can only be detected when the surrounding macromolecular ‘cage’ is depolymerised during 
Tetramethylammonium hydroxide (TMAH) thermochemolysis. Lignin phenols are 
differentiated from non-lignin phenols, such as those derived from tannins, using 13C-labelled 
TMAH (Mason et al., 2012). In this study 13C-labelled TMAH was synthesized (Filley et al., 
1999), and a comparison carried out for thermochemolysis products generated during 
treatment with unlabelled and labelled TMAH for three Sphagnum species (S. capillifolium, S. 
fuscum, S. angustifolium), two non-Sphagnum mosses (Pleurozium schreberi, Andromeda 
polifolia) and three vascular plants (Vaccinium microcarpum, Rhododendrom tomentosum, 
Eriophorum vaginatum) collected from a northern peatland. The implications of these 
analyses will be presented in the poster.  
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Due to the diversity of their skeleton, functional groups and configurations, pentacyclic 
triterpenes are molecular biomarkers that provide precious information on past local 
vegetation. When preserved in natural archives, and considering their taxonomical value, they 
can be used to track the evolution of past ecosystems through the time. For example, 
triterpenyl acetates are mainly produced by Asteraceae (Lavrieux et al., 2011) whereas 
pentacyclic triterpenes methyl ether are essentially biosynthesized by Poaceae (Jacob et al., 
2005), both taxa representing open vegetation. Recently, various methoxyserratenes identified 
in coniferous forest soils (Le Milbeau et al., 2013) have been related to their source organisms, 
i.e. Pinaceae. Unravelling the past dynamics of this tree group is important because it is 
implicated in many Human activities (forestry). As part of our continuing effort to identify the 
source-product relationship between methoxyserratenes and Pinaceae, and to test whether 
these compounds can be preserved in various archives (soils, peats and sediments)we have 
analysed peat samples from La Guette peat bog (région Centre, France) with a focus on these 
compounds. Lipids were extracted by ASE, fractionated into polarity classes by liquid 
chromatography and analysed by gas chromatography coupled to mass spectrometry. 
A series of five methoxyserratenes were detected: 3β,21α-dimethoxyserrat-14-ene, 3α-
methoxyserrat-14-en-21-one, 3β-methoxyserrat-14-en-21-one, 3-methoxyserrat-14-en-21α-yl 
acetate, 3-methoxyserrat-14-en-21β-ol. Additionally, three new serratene derivatives could be 
identified on the basis of their mass spectra. These serratenes, which have not previously been 
described in the literature, exhibit two methoxyl at C-3 and C-21 and a third oxygenated 
function (hydroxyl or acetoxyl) at C-29 position.  
Analysis reveals that stem bark of Pinus sylvestris are enriched in methoxyserratenes 
when compared to leaves. Both stems and leaves contain the five common methoxyserratenes 
that were detected in the peat samples but also the three new functionalized 
dimethoxyserratenes. This observation constitutes a strong argument for relating these three 
original methoxyserratenes to Pinus sylvestris.  
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Our results thus confirm and extend the potential of methoxyserratenes as specific 
biomarkers of Pinaceae and provide for the first time evidence for their preservation in peat 
samples. 
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In the Eocene Arctic, enormous blooms of the aquatic water fern Azolla contributed to 
changing Earth’s climate from a Greenhouse into the current Icehouse through massive 
sedimentary burial of Azolla-derived organic carbon. The maximum organic carbon content 
and calculated additional storage of 0.9-3.5 x 1018 g carbon lowered atmospheric pCO2 
(Speelman et al., 2009a). In the Arctic Azolla sediments from Lomonosov Ridge, only fossil 
macro-and microspores of Azolla are preserved. However, organic geochemical investigations 
have identified key biomarker compounds specific to extant Azolla plants. 
Extant Azolla contains a unique series of lipid biomarkers, all of which comprising a 
ω20-hydroxy group. These compounds include ω20-alkanols, 1,ω20-alkanediols, ω20,ω21-
alkanediols, a 1,ω20,ω21-alkanetriol, and ω20-hydroxy fatty acids (Speelman et al., 2009b). 
In addition, wax esters of di- and triols with C16 fatty acids were identified. However, several 
structurally related compounds such as ω20-keto-1-alkanols were observed exclusively in the 
sediments.  
In order to evaluate whether such compounds may be diagenetic products of original 
Azolla biomarkers a series of hydrous pyrolysis experiments have been conducted to 
investigate the thermal evolution of Azolla biomass. In the temperature range applied (220-
365°C for 72 h), which represents an increasing degree of diagenesis and catagenesis, the wax 
esters degraded rapidly and were not observed after 240°C. From 260°C and higher, the 
ω20,ω21-dihydroxy fatty acid and 1,ω20,ω21-alkanetriol were not present anymore, while the 
other ω20-hydroxy compounds (ω20-alkanols, 1,ω20-alkanediols, ω20-hydroxy fatty acids) 
were absent from 280°C and higher. Oxidation of the ω20-hydroxy group occurred at 220°C 
yielding ω20-keto-1-alkanols. The ω20,ω21-alkanediols and 1,ω20,ω21-alkanetriol yielded a 
mixture of ω20- and ω21-ketones, and ω20- and ω21-keto-1-alkanols, respectively. In turn, 
the ω20 and ω21-keto-1-alkanols were present up to 300°C. Subsequent transformation of the 
ω20- and ω21-keto-1-alkanols into the corresponding ω20- and ω21-ketones and n-alkanes 
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took place at 260°C, and were still identifiable at the highest temperature (365°C). This high 
temperature condition is indicative of high thermally maturities (~1.5 % vitrinite reflectance). 
At 280°C, (ω)20-ketones were the main extractable components, while at 300°C the largest 
fraction comprised n-alkanes of which the concentration increased slightly towards the 
highest hydrous pyrolysis temperature. At 350°C, only 8 wt% of the original Azolla biomass 
was released as expelled oil, which showed a similar geochemical print as the extracted 
Azolla residues. In addition, at 350 and 365°C unsaturated hydrocarbons were produced. The 
presence of (ω)20-ketones in high thermally maturated biomass implies that the characteristic 
ω20 functionality of Azolla lipids is able to survive diagenesis and catagenesis, and may be 
used to trace Azolla as a potential source of sedimentary organic carbon. 
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Biological membranes play an important role as a barrier from the environment and 
host numerous cellular processes. They are highly sensitive to temperature (T) and pressure 
(P), which strongly impact membrane fluidity by modifying membrane permeability and 
membrane-associated functions. To adapt to T or P fluctuations, bacteria maintain optimal 
membrane fluidity by altering the degree of unsaturation and the chain length of fatty acids, a 
mechanism named homeoviscous adaptation. Structural differences between archaeal 
membrane lipids (containing phytanyl/biphytanyl chains linked to glycerol by ether bonds) 
and bacterial analogues (containing fatty acids esterified to glycerol) raise the question of 
membrane fluidity regulation in hyperthermophilic and piezophilic archaea. 
The lipid membrane composition of the piezophilic archaeon Thermococcus barophilus 
was determined in sub- and supra-optimal pressure and temperature growth conditions. 
Following solvent extraction, lipids were separated into apolar and polar fractions by liquid 
chromatography. Apolar lipids were analysed by GC and GC-MS whereas polar lipids were 
hydrolysed before analysis by HPLC/APCI-MS. Archaeol and caldarchaeol are the major core 
lipids of T. barophilus. The apolar lipids of the strain consist of series of C35 and C40 
unsaturated isoprenoid hydrocarbons with a lycopane-like hydrocarbon skeleton. This lipid 
composition indicates that T. barophilus possesses a mixed monolayer-/bilayer-type 
membrane. According to the membrane model of Haines (2001), the hydrocarbons are 
incorporated at the interface between the two layers, where they play a central role in 
membrane rigidity and in the regulation of the proton gradient across the membrane. 
Variations in P or T relative to optimal growth conditions of T. barophilus induce a 
modification of the relative proportions of archaeol and caldarchaeol. The relative proportion 
of caldarchaeol vs. archaeol increases at high T and low P, whereas it decreases at low T and 
high P. Caldarchaeol with cyclopentane ring(s) was never observed. In parallel, the degree of 
unsaturation of the lycopane-chains increased with a decrease of T or an increase of P. 
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According to the membrane model aforementioned, an increase of the unsaturation level of 
the isoprenoid hydrocarbons together with a decrease of the caldarchaeol proportion would 
lead to reduced membrane rigidity, and inversely. 
We demonstrate that T. barophilus can adapt the fluidity of its membrane by changing 
its lipid composition, in agreement with the homeoviscousity theory. As far as we know, this 
is the first report of homeoviscous adaptation in a piezophilic and hyperthermophilic archaeon. 
Interestingly, the adaptation mechanism proposed for T. barophilus is different from that 
observed in other hyperthermophilic archaeon, and constitutes the first example of 
homeoviscous adaptation involving the modulation of the unsaturation level of non-core 
lipids of the membrane. 
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A wide variety of chemical reactions governed by microorganisms are involved in 
early diagenetic processes in carbonate sediments. These reactions include the degradation of 
organic matter under aerobic and anaerobic conditions, and can favor and/or prevent 
carbonate precipitation. Among anaerobic bacterially-mediated reactions, sulfate-reduction 
and the anaerobic oxidation of methane are considered as the most important processes 
leading to carbonate precipitation. 
A sandy bank located in the shallow water sediments of western Lake Geneva, 
Switzerland, is composed of more than 90% of ooidal sands. It is widely accepted that ooids 
require the presence of a nucleus and physicochemical factors that trigger carbonate 
precipitation, i.e., (1) water supersaturated with respect to calcium carbonate that is regularly 
refreshed and frequently degassing CO2, and (2) an agitated environment allowing CO2 
degassing (Simone, 1981). Previous studies have shown that, contrary to expectation, 
photosynthetic microbes contribute to the formation of the entire cortex of the ooids present at 
the water-sediment interface of Lake Geneva (Plée et al., 2008, 2010; Pacton et al., 2012). 
However, little is known about early diagenetic processes, occurring deeper in these 
sediments, which could impact the fate (e.g., a further development) of the ooid cortices. The 
aim of this study is thus to determine the textural and biogeochemical changes in these 
freshwater ooids occurring downcore between the time of their formation and early stages of 
lithification. Selected ooid intervals have been examined for their lipid biomarker 
composition along with petrographic and microscopic investigations and in-situ 13C 
measurements in ooid cortices. 
Preliminary results show abundant framboidal pyrite at the oxic-anoxic sediment 
interface pointing towards the presence of sulfate-reducing bacteria. The development of 
calcareous meniscus of micritic composition between ooids and a progressive enrichment in 
13C towards the outer part of ooid cortices are also observed downcore. However, the 
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hydrocarbons and fatty acids distributions appear similar throughout depth, and are consistent 
with mixed inputs from bacteria, terrestrial plants and algae. This suggests that in Lake 
Geneva anaerobic microbial communities do not play a significant role in the formation of 
ooids even in the anoxic section of the sediments. These data confirm previous experimental 
results and observations in the most recent sediments, opening new perspectives for the 
formation of ooids in other lacustrine environments. 
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The Cantabrian Region in N Spain is the southernmost boundary for the occurrence of 
raised and blanket bogs in Europe. In this study, eight mires located at different heights and 
distance to the coastline have been studied in order to compare their present day vegetation 
and pollen associations with the biomarker assemblage as determined by gas 
chromatography-mass spectrometry. Five mires have a littoral location (Las Dueñas-LD, La 
Borbolla-B; Roñanzas-R; Buelna-BU and Pendueles-PE) within 4 km to the coast and an 
altitude above sea level (masl) ranging between 120 and 255 m. Two mires are at around 20 
km distance to the coast and have intermediate altitudes (La Molina-LM=647 m and Comeya-
C=851 m) and the last one has a mountainous location (1570 masl) and a distance to the 
coastline of 62 km.  
Two main groups can be established on the basis of the vegetation: cántabro-atlantic 
mires comprising the littoral mires and LM characterized by bryophytes (Odontoschisma 
sphagni and Aulacomnium palustre), Sphagnum (S. papillosum and S. tenellum) and Erica 
mackayana, Drosera rotundifolia, Molinia caerulea, Erica ciliaris, Potentilla erecta, Arnica 
montana subsp. atlantica (association Erico mackayanae-Sphagnetum papillosi according to 
Fernandez Prieto et al., 1987); and temperate raised orocantabrian mires (association Calluno 
vulgaris-Sphagnetum capillifolii according to Fernandez Prieto et al., 1987) in which 
Sphagnum spp. are more abundant, dominated by S. capillifolium, being S. subnitens and S. 
papillosum also represented. Among the vascular plants heathers (Calluna vulgaris and Erica 
tetralis), Vaccinium myrtillus and graminoids (Trichophorum caespitosus subsp. germanicus, 
Carex nigra carpetana, Drosera rotundifolia, Juncus squarrosus) are the most characteristics 
ones. VC mire belongs to this later type whereas C mire can be considered transitional 
between both types. The C/N ratios are 24-29 for the cantabro-atlantic mires and 14-15 for the 
orocantabrian mire, and Comeya (Table 1). The ash content is typically higher in the 
uppermost sample of the profile (López-Días et al., 2013a) and ranges from 9 to 59% without 
a specific relationship with the location of the mire. 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 318 -
The macrophyte analyses reveal the presence of different parts of the plants identified 
in the present day cover whereas the palynological analyses typically show significant lower 
amounts of Sphagnum spp., Cyperaceae, Ericaceae and Fabaceae than indicated by the 
coverage of the plants.  In addition Polytrichum spores and pollens from pine, alder, oak, 
chestnut and eucalyptus, which are present in the palynological assemblage do not make part 
of the plants in the mires.  
The gas chromatography-mass spectrometry (GC-MS) analyses show 
chromatographic profiles dominated by odd n-alkane and methyl-ketones from C19 to C33. 
The dominant n-alkane is C31 except in Comeya (C33) and the dominant n-alkane-2-one is K27 
except in sample LD (K29). Overall the samples show significant amounts of medium 
molecular weight methyl-ketones, a specific characteristic of N Spain mires (López-Días et al., 
2013b). The n-alkanes/methyl-ketones ratio and also the atomic H/C ratio show significant 
differences between the highest altitude mire VC and the others. The biomarker assemblage 
comprises high amounts of higher plants triterpenoids with ursane, oleanane and lupane 
skeletons. The dominance of ursanoids is particularly relevant in the highest altitude mires 
(VC and C), in which also high amount of alcohol- compared with ketone- and acetatyl-
derivatives have been recorded. The C31R-homohopane is the most prominent one among 
the regular hopanes and also 17(21)-hopanoids and 22(29)-hopanoids have been recorded, the 
formers dominating in the littoral mires and the latter in the VC and C mires. The differences 
in location and vegetation of the mires are supported by differences in GC-MS results. 
 
Table 1. Some chemical parameters derived from chemical and GC-MS analysis in the mires 
 B BU PE R C LM VC LD
Ash wt % 9.02 16.82 11.17 8.84 11.31 8.64 55.17 59.26
C wt % 60.52 54.11 41.76 51.41 49.35  41.66 45.80
C/N 28.68 23.36 29.44 23.73 14.99 22.78 13.47 29.16
H/C atomic 1.27 1.59 1.87 1.55 1.77 1.63 3.26 1.36
∑n-Cn/∑n-Kn 0.867 1.281 3.604 3.684 1.60 2.79 5.67 1.26
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Deep-sea hypersaline anoxic basins of the Eastern Mediterranean are unique, extreme 
and largely unexplored habitats. These basins were formed several thousand years ago by 
dissolution of ancient subterranean salt deposits (Messinian evaporites) exposed to seawater 
by tectonic shifts and the downward flow of the dense brines into local abyssal depressions. 
This period was succeeded by the progressive development of anoxia in the brine lakes 
(Wallmann et al., 1997). One of the most distinct hypersaline basins in the Eastern 
Mediterranean is the Discovery Basin, which is characterized by the highest concentration of 
MgCl2 (5 M) found so far in a marine environment (Wallmann et al., 1997; Wallmann et al., 
2002); such concentrations are considered to be uninhabitable for life (van der Wielen et al., 
2005; Hallsworth et al., 2007). However, van der Wielen et al. (2005) found indications based 
on microbiological analysis, i.e. cell count, fluorescence in-situ hybridization (FISH) and 16S 
rRNA data, that microbial metabolism can proceed at significant levels in some of the most 
extreme hypersaline environments. 
For this study, we further investigated microbial life in this extreme environment by 
studying the distribution of intact polar lipids (IPLs). The samples for this study have been 
collected during RV Meteor cruise M/84-1 and include water column samples from normal 
seawater, the brine-seawater interface, the brine, and the underlying sediments (Figure 1). Our 
study provides first insights into the benthic microbial communities of this marine brine pool. 
The seawater sample (3570 m water depth) was characterised by a high bacterial and 
archaeal IPL diversity. The bacterial IPLs comprised phosphatidylethanolamine (PE), 
phosphatidylglycerol (PG), phosphatidylcholine (PC) or phosphatidyl-(N,N)-
dimethylethanolamine (PDME) head groups. These lipids almost disappeared in the samples 
from the brine-seawater interface and the brine itself (3575-3610 m water depth). In contrast 
to the bacterial lipids, the archaeal IPLs, mainly containing mono- and diglycosidic based 
head groups and a glycerol dibiphytanyl glycerol tetraether (GDGT) core, showed an increase 
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in concentration at the brine-seawater interface. In the samples from the brine, concentrations 
of archaeal IPLs, however, decreased and were relatively low. 
The IPL distribution in the sediments differed from the water column. The most 
dominant bacterial lipids were PCs and PEs. The diversity of archaeal IPLs was relatively 
high in this interval and included mono- and diglycosidic GDGTs (regular and mono- and 
dihydroxylated GDGTs) and phospho hexose-based GDGTs. In the deeper sediments archaeal 
and bacterial IPLs showed relatively low concentrations and a lower diversity, for example 
the phospho hexose-based GDGTs and the PEs were absent below 30 cm sediment depth. 
The detection of archaeal and bacterial IPLs in the sediments below the brine pool 
indicates benthic microbial communities inhabiting this harsh environment. 
 
Figure 1 (a): Schematic of the deep-sea hypersaline anoxic Discovery Basin and the positions 
of sampling. (b): Location of the Discovery Basin in the Eastern Mediterranean Sea. The map 
was constructed with ocean data view software (http://odv.awi.de/). 
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Heterocystous cyanobacteria are an essential part of the phytoplankton community in 
many present-day freshwater environments, where they refill the pool of biologically 
available nitrogen through the process of N2 fixation and thus sustain primary productivity. 
As the reduction of atmospheric dinitrogen gas to ammonium requires microaerobic 
conditions, heterocystous cyanobacteria confine this process to specialized cells, so-called 
heterocysts, which protect the two component enzyme nitrogenase for inactivation by 
molecular oxygen (Wolk et al. 1994). Molecular analysis showed that the heterocyst is 
enveloped by a layer of heterocyst glycolipids (HGs), which consist of sugar functionalities 
glycosidically bound to long chain diols, triols as well as keto-ols and keto-diols (Gambacorta 
et al. 1998; Bauersachs et al. 2009). Since this HG layer is essentially a gas diffusion barrier 
that limits the flux of atmospheric gases into the heterocyst, it is reasonable to assume that the 
composition of the heterocyst glycolipids has to be carefully tuned to the requirements of 
optimum N2 fixation. In turn, this suggests that environmental parameters (such as growth 
temperature) effect the composition of the HG layer of heterocystous cyanobacteria. 
In this study, we investigated the effect of temperature on the distribution of 
heterocyst glycolipids in the filamentous heterocystous cyanobacteria Anabaena sp. and 
Nostoc sp. Strains were grown as batch cultures at temperatures of 9, 12, 16, 20 and 24 °C 
(Fig. 1). HPLC/MS2 analysis revealed that all cultures contained a similar suite of heterocyst 
glycolipids with HG26 diols and HG26 keto-ols dominating over minor quantities of HG28 
diols and HG28 keto-ols. Despite the overall similarity in the heterocyst glycolipid 
composition, we observed significant changes in the relative distribution of individual 
heterocyst glycolipids with temperature. This is expressed in form of the HGI26 (heterocyst 
glycolipid index), which quantifies the relative proportion of HG26 diols and HG26 keto-ols. In 
Nostoc sp., we observed that HGI26 values dropped gradually from 0.31 to 0.07 with 
increasing temperature. This observation is interpreted as a structural adaptation of the 
heterocyst glycolipid layer that ensures the integrity of the gas diffusion barrier against 
increased fluxes of O2 at higher temperatures. Similar observations were made for the 
heterocystous cyanobacterium Anabaena sp., in which HGI26 values decreased from 0.22 to 
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0.05 with increasing growth temperature. It is thus apparent that the mechanism employed to 
protect the cell interior of the heterocyst operates in a similar fashion in both cyanobacterial 
species. However, the overall magnitude in HG change differed between Nostoc sp. and 
Anabaena sp. and this suggests that individual heterocystous cyanobacteria will adapt the 
composition of the heterocyst glycolipid layer differently with temperature. 
To test the applicability of heterocyst glycolipids as a temperature proxy in lacustrine 
environments, we investigated their distribution in Lake Schrevenpark (Kiel, Germany). 
Intact polar lipids from water filters taken during the summer period revealed the abundance 
of HG26 diols and HG26 keto-ols, compatible with a dominance of Anabaena sp. at times of 
sampling. Based on the temperature calibration from our culture experiments, we calculated 
lake surface water temperatures ranging from 17.1-21.2°C during the summer month, which 
is within one degree error of the measured water temperatures. Providing that HGs preserve 
well in the sedimentary record and they have indeed been reported in sediments of an Eocene 
age, such as the Messel oil shale (Bauersachs et al. 2010), the distribution of HGs in present-
day and fossil freshwater environments may offer the exiting possibility to reconstruct 
culture-calibrated surface water temperatures of lacustrine systems. 
 
 
Figure. 1. Variation in the abundance of HG26 diols (grey) and HG26 keto-ols (black) in the 
heterocystous cyanobacterium Nostoc sp. with ambient growth temperature. 
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Photosynthetic sulphur bacteria inhabit the anoxic layer of stratified water bodies such 
as ponds, lakes, or estuarine habitats that are still located on the photic zone. This allows these 
bacteria to use the sun energy. The complex group of photosynthetic pigments present in 
brown, green and red sulphur bacteria is constituted by bacteriochlorophylls c, d and e and 
called Chlorobium chlorophylls in the older literature. These pigments have some common 
structural features and present specific structural differences compared to other chlorophylls 
and bacterichlorophylls. Chlorobium chlorophylls are chlorins, they lack the 132-
carbomethoxy group, they bear, at position C-3 an –hydroxyethyl substituent and 
geochemically important extended alkyl groups at positions C-8 and C-12 for 
bacteriochlorophylls c and e as well as a methyl group at position C-20 for 
bacterichlorophylls e. These substituents introduced, during bacteriochlorophyll biosyntheses, 
are very resistant through diagenetic transformations and may be present in some 
pheopigments and porphyrins isolated from geological samples. Here we report the presence 
of a novel bacteriopheophorbide series isolated from coastal salt pond sediment (Salt Pond, 
MA, USA). These bacteriopheophorbides present the same carbon framework than 
bacteriopheophorbides c and than bacteriopheophorbides bearing an acetonyl group at the C-7 
position that we already described (Ocampo, 1985, Ocampo et al, 1985, 1992). They were 
also found in a salt pond from Calpe (Alicante, Spain). The new series were studied by RP-18 
HPLC, UV-Vis, SM and  LC-MS (APPI mode) and the structure determination of some of 
their members were obtained by 1H NMR. They could be degradation products of an 
unknown photosynthetic bacteriochlorophyll series even if an origin from water column or 
post depositional transformations cannot be excluded at present. Some of these pheophorbides 
can be intermediates in the formation of some porphyrins already isolated from sedimentary 
organic matter. The identification of these pheophorbides can lead to a better understanding of 
the biodiversity in the photic zone of anoxic water bodies. 
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Long-chain alkenones, unsaturated methyl and ethyl C37-C40 ketones, are synthesized 
by a limited number of Haptophyte algae (Emiliania huxleyi, Gephyrocapsa oceanica, 
Isochrysis garbana, Chrysotila lamellosa). These species are also known to produce long 
chain (C31, C33, C37, and C38) n-alkenes. Due to the susceptibility to diagenetic processes, 
these unsaturated hydrocarbons are rarely occurring in the sedimentary records. The genetic 
variations of n-alkenes in the Haptophyte, therefore, have not been studied intensely with 
particular interest of palaeoenvironmental applications. Meanwhile, biofuel from 
hydrocarbon-producing microalgae have been under investigation as one of promising 
sustainable source of energy (Chisti, 2007). The aim of this study was to explore the diversity 
of hydrocarbons in the Haptophyte algae, especially to append suit of data from G. oceanica, I. 
garbana and C. lamellosa. 
We investigate more than 40 different clones of cultured strains representing the 4 
alkenone-producing species, along with 10 different alkenone-lacking species of Haptophyte 
algae. Studied strains were obtained from Shiraiwa’s laboratory stock and the other culture 
collections. These strains were grown at 15–20°C for 10–21 days. Extraction and separation 
of lipids were performed based on Sawada and Shiraiwa (2004). The distributions of n-
alkenes were examined by GC-FID and by GC/MS for identification.  
 Long chain alkenes were exclusively detected from alkenone-producing species. The 
alkene profiles of E. huxleyi and G. oceanica showed significant diversity in varying amount 
of C31–C33 (poly)unsaturated n-alkene isomers, and C37-C38 hydrocarbons were present in 
some strains of both species. Although foregoing results have been well established in E. 
huxleyi (Conte et al., 1995; Grossi et al., 2000), our result further implies that G. oceanica can 
also be a source of sedimentary C37-C38 n-alkenes (e.g. Sikes et al., 1997). In contrast, 
hydrocarbon fraction of I. garbana and C. lamellosa were dominated by C31 n-alkene isomers 
(C31:3, C31:2), except for a single strain of C37–C38 dominant Isochrysis sp. According to Rieley 
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et al. (1998), C37–C38 n-alkenes of E. huxleyi have trans double bonds resemble to those of 
C37–C38 alkenones, while C31–C33 alkenes have cis double bonds, suggesting distinct 
biosynthetic pathway for these two groups of alkenes. Our results indicate the former pathway 
is not unique to E. huxleyi and G. oceanica but probably distributed in Isochrysis, although 
detailed phylogenetic examination is necessary. Moreover, our culture stock of E. huxleyi 
strain contained significant amount of unusual C29 alkadienes (ca. 40 % of total hydrocarbons). 
The positions of double bonds for C29 hydrocarbons were confirmed by means of GC/MS 
analysis of dimethyldisulfide (DMDS) adducts. Identified C29 alkadienes (29:21,20, 29:22,20, 
29:23,20) are structurally suggested to be a member of the series of C31–C33 n-alkenes (cis 
configulation) identified in Rieley et al. (1998), as they share the same 9 bond positions. 
High proportion of C29 alkenes can serve as an unique feature for the strain as hydrocarbon 
source for biofuel, as well as study target for alkene biosynthesis. 
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We collected deep sediments (5.7 m) from the Black Sea specifically targeting 
horizons beneath the sulfate methane transition zone (SMTZ) and carried out a long term 
incubation to track the alteration of dissolved organic matter (DOM). The experiments were 
guided by two major goals: 1) to examine the turnover of DOM and 2) determine the 
influence of methane concentration as a thermodynamic constraint on microbial processes. 
For DOM we used three treatments: endogenous DOM, Suwannee River organic matter 
standard, and no carbon addition. In DOM treatments with endogenous DOM and Suwannee 
River organic matter we amended the incubation to equal an approximate 4-fold increase in 
DOM concentration versus initial concentrations. The respective DOM treatments were 
incubated under quasi in situ gas concentrations with one per DOM treatment containing 
nitrogen and a paired sample with methane at a partial pressure of 10 bar (yielding a dissolved 
methane concentration of ~20 mM in methane-amended experiments). Endogenous carbon, 
which was added to the sample, was characteristic of refractory marine organic matter, while 
the Suwannee River DOM was more representative of a terrestrial end-member. Over the 
course of a year organic matter was extracted from the samples and DOM was characterized 
via Fourier transform-ion cyclotron resonance mass spectrometry (FT-ICRMS) as described 
by Schmidt and coauthors (2011). Additionally metabolites used during methanogenesis were 
measured (e.g. bicarbonate, acetate, and methanol) to track any accumulation of substrates 
that would reflect thermodynamic control of microbially mediated reactions. 
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Most data on the molecular composition of this soil fraction concerns the easily 
volatile compounds that can be analyzed by gas-chromatography/mass spectrometry using 
standard long-columns (i.e., 15–30 m length). However, independent experimental 
approaches to the chemical composition of lipid fractions mainly by 13C-NMR  suggested that 
a substantial amount of lipids compounds remain ‘invisible’ to conventional chromatographic 
methods (Almendros et al. 2001), being specifically discriminated those of fairly high 
molecular weight (MW). In addition, independent studies by direct injection of the same lipid 
fractions in direct-probe electron impact mass spectrometry indicate large abundances of 
ions >300 amu which do not correspond to compounds identified after the previous 
chromatographic separation. The use of fast, short-length (<10 m) high-temperature capillary 
chromatographic columns has shown to provide enough resolution for lipid compounds of 
high MW, which can be identified by their diagnostic mass spectra (Gutierrez et al. 2001). 
In this communication, this approach has been used to study the high MW lipid 
assemblages from soils subjected to different management practices, as well as to lipids 
isolated from a series of freshwater sampling stations along the low basin of the Guadarrama 
river (Madrid).  The use of short-columns lead to successful identification of complex lipids 
both among the soil and freshwater lipids. With this approach improved accurate information 
was obtained on the balance between inputs from terrestrial and aquatic organisms provided 
by the short-column chromatograms. In particular significant differences are displayed by 
indices such as the relative amount of waxes and the chain length and carbon preference index 
of the alkyl series, even in samples where diagnostic cyclic biomarker compounds were 
lacking.  
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Drilling fluids are important additives for exploration and production drilling in 
terrestrial and marine environments. Their usage is not a strictly closed system application, 
hence continuously emission of drilling fluids towards ecosystems are evident. For example, 
drilling cuttings as byproducts contain significant amounts of such additives and in average 
10% of drilling cuttings are released during off-shore drilling. Accordingly, loss of associated 
drilling fluids is obvious. Further on, drilling fluids are contaminants of drilling waste which 
has to be handled and cleaned. Leakages, accidents and careless handling of drilling waste 
might also lead to drilling fluid emissions. 
To follow these emissions and to estimate the level of contamination a chemical 
characterisation is fundamental. Drilling fluids consist of different ingredients including 
inorganic and organic substances. However, many of the ingredients, in particular inorganic 
constituents, are not source specific (e.g. bentonite) and, therefore, cannot act as emission 
marker. With respect to organic substances, the dominant ingredients are technical polymers, 
which exhibit a high structural significance. Hence, they can be used as drilling fluid 
indicators in principal, but appropriate analytical methods are needed. In particular, due to the 
low concentration in environmental systems analytical approaches for a successful detection 
are still missing. 
Pyrolysis-gas chromatography-mass spectrometry (Py-GC-MS) is an appropriate 
analytical tool to characterise and, probably, determine quantitatively organic macromolecules. 
Preconditions are the principal possibility to pyrolyse the polymers and to obtain specific 
pyrolytic products. Examples are reported for polyvinylpyrrolidone [1] and chemical 
modified polyacrylamides [2].  
In the study we performed online- and offline- Py-GC-MS analyses of different 
technical formulations of drilling fluids in order to identify specific products. The polymers 
used in the investigated formulations are dominantly based on chemically modified cellulose 
(carboxymethylcellulose) (Fig.1). Online derivatisation with TMAH has been proven as 
useful tool for a more comprehensive detection of pyrolysis products.  
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As a very important step, the results of the pyrolysis analyses are discussed in terms of 
polymer specifity and probability to act as marker for following drilling fluid contamination 
in influenced water or solid particles. These potential marker substances are afterwards tried 
to be detected in drilling cutting samples. 
 
 
Figure 1: Py-GC-MS analyses of polymer reference material (hydroxyethyl cellulose, HEC) 
and a technical drilling fluid (Viscopol HEC) containing HEC as additive.  
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Peatlands are ecosystems sensitive to environmental changes. Their sediments have 
stored the history of changes which occurred during last several thousands of years. Since the 
end of 19th century they have became researched to find changes in plant communities, 
climatic and hydrological conditions. Mostly investigations concentrated on various metals 
occurrence, their distribution and contents related to natural processes and human-induced 
changes (e.g. Renberg et al., 2001). It is only recently that also organic compounds 
transported ex situ to the peat have been investigated (Berset et al., 2001). However, 
comparing to numerous references concerning heavy metal/minerals distributions, research of 
organic pollutants in peat is limited. It mainly concerns polycyclic aromatic hydrocarbons. 
There are no publications showing occurrence and distributions of mature fossil fuel 
biomarkers. The research aim was to investigate capability of peat to preserve organic 
compounds from fossil fuels combustion and, if possible, to characterize geochemically the 
source fossil fuels.  
Peat was sampled with a probe Instorf Ø 80 in 6 bogs located in southern Poland, with 
various surroundings (forest or open area) and distance from settlements. Samples represented 
different types, genus and species of peat with a dominance of 1-2 plant species. Percentage 
botanical composition of peats was found by the sieve method. Geochemical analysis 
included ultrasonic solvent extraction of powdered (< 0.20 mm) samples, preparative layer 
chromatography (PLC) analysis of extract group compositions and analysis of separated 
aliphatic- and aromatic hydrocarbons by gas chromatography-mass spectrometry (GC-MS).  
It was found that there are two different sources of organic compounds present in the 
investigated peat extracts: 1) immature peat organic matter, and 2) mature fossil fuels. 
Dominating organic compounds come from immature, recent organic matter of peats and 
have been formed in situ in processes of natural organic matter evolution. These compounds 
comprises polar substances, mainly substituted with oxygen functional groups, ketones, 
esters, aldehydes, alcohols and heterocyclic compounds. Most of n-alkanes can be ascribed to 
this source since their distribution shows such a typical immature feature as high CPI values.  
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However, the presence of such compounds as pentacyclic triterpenes, alkyl derivatives 
of naphthalenes, phenanthrenes, and biphenyls, with mature distributions can be only 
explained by the input from the second geochemical source, i.e. mature fossil fuels. The 
average values of biomarker and aromatic hydrocarbon indices such as Ts/(Ts+Tm) (0.58), 
C3122S/(22S+22R) (0.51), MNR (1.57), DNR-2 (3.61), and  MPI-3 (1.10) confirm it. The 
most probable way of their transport is with fly dust emitted in fossil fuel combustion in 
domestic furnaces in settlements located nearby the moors. Such way of transport enables for 
organic compounds to be transported even to region relatively clean of contaminations (e.g. 
Simoneit and Elias 2000, Yunker et al., 2011). Peat samples from bogs close to settlements, 
railways or roads are richer in fossil fuel-deriving compounds than those from bogs which 
were far from these sources and/or surrounded by forests isolating them from contamination 
sources. As the possible mature fossil fuels can be supposed bituminous coals from the Upper 
Silesia Coal Basin of vitrinite reflectance in the range 0.9-1.1 %.  
The carried out research indicate that peat organic matter can be considered a 
promising archive not only for PAHs or heavy metals but also for biomarkers transported to a 
bog with fly dust from fuel combustion. Distributions of organic compounds, including 
biomarkers and aromatic compounds are sufficiently well preserved to enable calculation of 
values of geochemical indices. Pentacyclic triterpenes, 5- and 6-ring PAHs, alkylnaphthalenes 
and alkylphenanthrenes are the most useful compounds in the investigation.  
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Dumps coal mining are a major environmental problem due to the composition of the 
material and occuring processes. It is estimated that in the Upper Silesian Coal Basin of each 
tonne of coal produced 0.6-0.7 tonnes of waste (Misz-Kenann, Fabiańska, 2010). In the years 
1999-2008 the waste arising from the operation of coal accounted for approximately 47.7% to 
51.6% of waste generated upstream. USCB wastes consist primarily of the minerals and 
organic matter, the amount of which varies from 7-15% (Misz-Kenann, Fabiańska, 2010). 
Organic matter content plays an important role in influencing the process of self-heating of 
the material deposited on the heap as a result of oxidation. As a result of self-heating rise to 
many pollutants such as CO, CO2, SO2, H2S, CH4, and aliphatic and aromatic hydrocarbons. 
Waste dumps are changed by external processes such as weathering, erosion, which may 
affect the release of accumulated contaminants and their migration to the environment. The 
pollutants are transported by wind and water, while the centers of the spread are atmosphere, 
hydrosphere (water surface and underground) and soil. The research aim of this study was to 
investigate the possibilities of using vegetation growing on the dump and its vicinity as the 
adsorber of pollutants emitted from landfill as a result of its self-heating, which will help 
assess the emission. In addition, studies have been conducted to identify  organic material 
derived from fossil fuels and diversify compounds of the biochemical and geochemical origin. 
Plant material was sampled in spring 2010 with the Rymer Cones dump located in 
southern Poland near the Rybnik town. Five samples represented different types of plants: 
mosses, grasses, shrubs and trees. Samples were collected from different height from a few 
centimeters over the ground surface (mosses, grasses) to 10 meters (oak leaves). The samples 
were washed with distilled water and dried at room temperature for 4 hours. This was 
followed by solvent extraction of the compounds from the plants surface, consisting of rinsing 
them with methylene chloride (DCM). Preparative thin layer chromatography was applied to 
separate fractions of aliphatic, aromatic and polar compounds. Then their compositions was in 
investigated by gas chromatography-mass spectrometry (GC-MS) (70 eV, full scan mode).  
It was found that plant waxes were good adsorbers of organic pollutants emitted from 
the dump. The apparent correlation between the sampling height and the amount (in some 
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samples) and types of the identified compounds, indicate to low emissions of organic 
compounds from a dump which does not pose a threat to areas distant from the dump but can 
affect nearby settlements. On the surface vegetation analyzed revealed the presence of the 
following organic compounds: n-alkanes, linear isoprenoids (pristane and phytane), 
pentacyclic triterpanes, steranes, alkyl aromatic hydrocarbons and polycyclic aromatic 
hydrocarbons. 
Analysis of the distribution of n-alkanes indicates that the long-chain compounds exist 
in predominance on short-chain, and n-alkanes with an odd number of carbon atoms dominate 
in distribution. The Pr/Ph values were in the range 0.2-1.1. what may be related either to the 
sedimentation environment or degradation of organic wastes in a dump (Didyk et al., 1978). 
Pentacyclic triterpanes occurred in plant extracts in small amounts showing geochemical 
distributions typical for mature fossil fuels. However, high molecular weight of hopanes 
means that they cannot be evaporated from wastes. Thus their migration probably occurred on 
dust emitted from the dump. Among steranes, stigmastanes (C29) and cholestanes (C27) 
dominated, which indicates higher vascular plants and marine marine plankton the origin of 
organic matter (Peters et al., 2005). Polycyclic aromatic hydrocarbons are present in all 
samples. In none of the samples naphthalene was identified, which may be due to the 
dissolution by water.  
The calculated values of geochemical biomarker ratios and distribution types are 
similar to those found for organic matter of USCB coal wastes (Misz-Kennan and Fabiańska 
2010). This indicates possibility to use them for identification of organic material from a 
dump. The most useful are: hopanes, steranes and linear isoprenoids, n-alkanes and PAHs 
were much less suitable to this task due to their mixing with plant wax n-alkanes and 
ambiguous origin(s). 
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Coal mining result in large quantities of coal waste rocks deposited in dumps located 
near the mines. Coal wastes are composed of mineral and organic matter (usually a few %) 
(Skarżyńska 1995). Oxidation of the organic matter is believed to be the main reason for the 
essentially uncontrolled self-heating processes which leads to organic matter pyrolysis, at the 
dump surface seen as smoke exhalations and hydrocarbon expulsions. Sometimes the mineral 
efflorescences are formed at the mouth of fissures. Conditions within a self-heating dump 
promote formation of new compounds, which occurrence and distributions are not directly 
related to geochemistry of source coal waste organic matter but to self-heating conditions. 
The aim of this project was to investigate occurrence, distribution and possible ways of 
formation of nitrogen compounds formed in several self-heating coal waste dumps in Upper 
Silesia Coal Basin (USCB) (Poland).  
The sample set comprised about 200 waste rocks from within dumps and more rare 
blooming phases formed by hot, gases emanating from fissures in dump surface. Geochemical 
analysis involved ultrasonic solvent extraction of powdered samples in dichloromethane and 
the analysis of the total extracts by gas chromatography–mass spectrometry (GC–MS). The 
extracts were not separated into compound groups due to low extract yields. An Agilent 
Techn. gas chromatograph with a DB-35 column (60 m×0.25 mm i.d.), coated with a 0.25 μm 
stationary phase film coupled with a mass spectrometer was used. The experimental heating 
program was as follows: 50°C (isothermal for 2 min) followed by heating up to 175°C at 
10°C/min, to 225°C at 6°C/min and, finally, to 300°C at 4°C/min. The final temperature 
(300°C) was held for 20 min. The carrier gas was He. The mass spectrometer was operated in 
the EI (70eV) and scanned from 50-650 da. All compounds were identified using mass 
spectra, comparison of peak retention times with those of standard compounds, interpretation 
of MS fragmentation patterns and literature data. 
Most or rock waste extracts are dominated by compounds deriving from coal waste 
organic matter, both unchanged by self-heating and formed in pyrolysis during self-heating,  
described previously (Misz-Kennan and Fabiańska 2011). Pyrolytical compounds can also be 
found as accompanying components in blooming phases, including light n-alkanes (n-C11-n-
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C21), iso-alkanes, aromatic hydrocarbons, phenols, carboxylic acids etc. Among them were 
found several functional nitrogen compounds belonging to organic amines, amides and imides: 
dimethyl-N,N-benzamine, benzamide, and phthalimide. They are important components of 
surface bloom extracts (up to 25% in some samples) and were found in variable amounts in 
waste rocks sampled deep within a dump. However, they were absent in coal wastes sampled 
at or near coal waste dump surface.  
Nitrogen occurs in bituminous coal organic matter as heterocyclic compounds since 
labile amine/amide groups are expelled from a macromolecule at the beginning of diagenesis, 
i.e. its biochemical stage. Its concentration falls very significantly within the first few meters 
of recent sediments (Tissot and Welte 1984). In USCB bituminous coals its contents are 
below 1% wt. Thus it can be supposed that such compounds as aromatic amines, phthalimide 
and benzamide were formed in a secondary reaction after organic matter pyrolysis. In the high 
temperature of the self-heating dump and with minerals as catalysts benzamide can be formed 
in a reaction of benzoic acid with ammonia. Phthalimide can come from phthalic acid; first 
phthalic anhydride is formed, next in the presence of ammonia it is transformed to 
phthalimide in the same reaction as that used to synthesize imides in industry. Ammonia, 
required for this reaction, can come from bacteria degrading organic matter or from  
atmospheric nitrogen in reaction similar to the Haber-Bosch process (reducing conditions). 
The presence of benzoic acid (a substrate) and benzamide (a product) confirms the possible 
mechanism of amines and imines formations. Moreover, aromatic carboxylic acids, substrates 
in these reactions, are common products of coal pyrolysis so they are present in the reaction 
environment. Since phthalamide is capable to sublimation it can migrate with hot gases from 
the dump interior and precipitate in much lower temperatures as blooms increasing its 
concentrations comparing to other components of coal waste pyrolysates.   
 
REFERENCES 
Misz-Kennan M., Fabiańska M., 2011. Application of organic petrology and geochemistry to 
coal waste studies. International Journal of Coal Geology 88, 1-23. 
Skarżyńska, K.M., 1995. Reuse of coal mining wastes in civil engineering - Part 1: properties 
of minestone. Waste Management, 13, 3-42. 
Tissot, B.P., Welte, D.H., 1984. Petroleum Formation and Occurrence, 2nd Edition. Springer-
Verlag Telos, Berlin. pp. 699. 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 337 -
ASSESSMENT OF IN SITU BIOREMEDIATION USING MOLECULAR 
RATIOS: BIODEGRADED, VOLATILIZATED AND RESIDUAL 
HYDROCARBONS 
 
Eduardo RODRÍGUEZ-VALDÉS, David JIMÉNEZ, Carlos SIERRA and 
José L.R. GALLEGO* 
 
Environmental Biotechnology and Geochemistry Group.  University of Oviedo.  
C/Gonzalo Gut. S/N, 33600-Mieres (Asturias), Spain 
*) Corresponding author: jgallego@uniovi.es 
In situ bioremediation (ISB) of soil and groundwater usually involves 
stimulating aerobic microbial activity through the aeration and/or addition of nutrients, 
surfactants and other amendments. The use of these remediation technologies has been 
reported in many contaminated sites, especially when the spilled products are light or 
medium oil derivatives, such as gasoline and diesel fuel. In this sort of cases, ISB and 
has been proven effective in reducing concentrations of the constituents of petroleum 
products. Although general data about ISB are well-known, the geochemical behaviour 
of the different hydrocarbon families can be improved by detailed GC-MS studies of the 
different degradation processes taking place within the treatment, taking into account 
the environmental compartments affected (mainly soil and groundwater).   
Therefore, in this work we selected a soil affected by a recent spill consisting on 
a mixture of gasoline and diesel fuel that had generated an initial average TPH (Total 
Petroleum Hydrocarbons) content of approximately 30.000 mg/kg. After a 
biotreatability study, a combined treatment based on the use of a pH corrector 
(magnesium hydroxide), a slow-release oxygenating system by shallow buried socks 
(magnesium peroxide), and a slow-release fertilizer was applied for one year to 
remediate pollution. The extent of degradation using geochemical biomarkers was 
examined. Also, in the final steps of the process, the compounds still remaining in the 
remediated area were identified.  
After twenty months of treatment, TPH contents in soil were clearly below 2.000 
mg/kg in the vadose zone, although a recalcitrant content of ETBE and low 
concentrations of BTEX were also present in the groundwater. Regarding the causes of 
degradation losses, usually C17/Pristane and C18/Phytane ratios are used to establish the 
advance of the biodegradation, given the differential biodegradability of linear alkanes 
with respect to the isoprenoids. However in this work, a comprehensive study of 
additional molecular ratios was done in order to distinguish between biodegradation and 
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volatilization Greenwood et al., 208: Gallego et al., 2011). Therefore, GC-MS analyses 
(Figure 1) and biomarker determinations (isoprenoids) were useful to distinguish 
between volatilization and biodegradation in a straightforward approach. Concretely, 
volatilization was the predominant degradation process for light hydrocarbons (below 
10 carbon atoms), whereas heavier compounds were mainly biodegraded. However, as 
abovementioned, a residual concentration of hydrocarbons (Nocentini et al., 2000) was 
found, surely related to the finer fractions of the soil.  
 
Figure 1. SIM chromatograms (m/z=57) of soil extracts (semivolatile fraction C12+) 
from the study site before the commencement of the ISB (a), and after twenty months of 
treatment (b) respectively. Isoprenoids are marked as i-Cn according to their number of 
hydrocarbons, with the exception of n-Pr (norPristane), Pr (Pristane) and Ph (Phytane); 
n-alkanes are labelled according to their number of carbons Cn. Note the complete 
degradation of n-alkanes in comparison with isoprenoids. 
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Salt marshes and estuaries are key environments for organic matter (OM) burial, 
which plays an essential role in the global carbon cycle (López-Capel et al., 2006). Common 
to these environments is the diversity of OM sources, which is usually composed by a 
complex mixture of terrestrial and marine residues originated from the decomposition of 
vegetal, animal and microbial organisms (Hedges and Keil, 1999). Concomitantly, 
anthropogenic contaminants are transported and deposited.  
The proposed research is focused on the assessment of OM inputs changes in the salt 
marshes of Alfeite, which may be related to environmental changes in the Tagus estuary. The 
Tagus discharges into the Atlantic Ocean close to Lisbon through a 350 km2 mesotidal estuary, 
being the third largest estuary in Europe. It acts as a depocenter for river-transported 
sediments, with a sedimentation rate of around 80 cm kyr-1.  Run-off and sediment load 
carried by Tagus river to estuary and towards the continental shelf has been highly modified 
during last centuries because of a range of anthropogenic activities (including damming, 
urbanization, deforestation and dredging) and natural events (floodings and tsunamis). Past 
changes in the marine environment and in the continental hinterland may therefore be 
recorded in these sediments. Our approach includes the sampling of a set of sediment cores 
(1m depth) and the characterization of their sections by using elemental (TOC, TN, TS) and 
stable isotopic analysis (δ13C), widely used to determine historical changes in sources of OM. 
Corg/N values within the range 12-18 are representative of a mixed terrestrial-marine derived 
OM (Meyers and Ishiwatari, 1993). They revealed a complex input of OM, including marine 
and terrestrial origin. The chronological framework is currently been established by using a 
combination of techniques (210Pb, 137Cs and 14C). 
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Pyrolysis gas chromatography-mass spectrometry (Py-GC/MS) of bulk and 
decarbonized sediments were carried out in these materials, owing to their complexity, are 
difficult to analyse by way of conventional methods. 
Pyrograms are dominated by n-alkanes, polysaccharides and lignin derived 
compounds, which are typically found in pyrolisates of estuarine sediments. The lack of an 
odd-to-even predominance of n-alkanes (average CPI 0.99±0.22) points to a significant 
anthropogenic contribution (Fig 1). The ratios C17/C27 and short/long ratio of n-alkanes 
increase down-core, which could indicate an increase in the marine signature. However 
confirmation is not possible 
due to interferences of 
anthropogenic inputs. The 
low values of ΣC11-C33/C16 
parameter (≤ 15) could 
indicate the presence of 
petroleum pollutants with a 
possible partial recovery in 
recent times.  
 
 
Figure 1.  Relative abundances of n-alkanes (%) according to Py-GC/MS Selected Ion 
Chromatogram (m/z 57)  
 
Polycyclic Aromatic Hydrocarbons (PAHs) are present through the sediment profile, 
they are related to combustion of fossil fuels and release of oil products. The abundance of 
Linear Alkyl Benzenes in all the sediment sections is indicative of inputs from waste outfalls, 
surfactants or detergents. 
 
REFERENCES 
López-Capel E., De la Rosa, J.M, González-Pérez, J.A., González-Vila, F.J.,  Manning, D., 
2006. Elucidation of different forms of organic carbon in marine sediments from the 
Atlantic coast of Spain using thermal analysis coupled to isotope ratio and quadrupole 
mass spectrometry. Organic Geochemistry 37, 1983–1994. 
Hedges, J.I., Keil, R.G., 1999. Organic geochemical perspectives on estuarine processes: 
sorption reaction and consequences. Marine Chemistry 65, 55–65. 
Meyers, P.A., Ishiwatari, R., 1993. Lacustrine organic geochemistry – an overview of 
indicators of organic matter sources and diagenesis in lake sediments. Organic 
Geochemistry 20, 867−900. 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 341 -
IMPACT OF METEOROLOGICAL AND GEOMORPHOLOGICAL FACTORS ON 
PERSISTENT ORGANIC POLLUTANTS IN 
JAMES ROSS ISLAND, ANTARCTIC PENINSULA AIR 
 
Daniela OCÁSKOVÁ1*, Josef  ČÁSLAVSKÝ2, Daniel NÝVLT1, Kamil LÁSKA3 
 
1. Czech Geological Survey, Leitnerova 22, 658 69 Brno, Czech Republic 
2. Brno University of Technology, Faculty of Chemistry, Purkyňova 118, 612 00 Brno, Czech 
Republic 
3. Department of Geography, Faculty of Science, Masaryk University, Kotlářská 2, 611 37 
Brno, Czech Republic 
*) Corresponding author: daniela.macova@geology.cz 
 
Persistent organic pollutants (POPs) are both natural and/or anthropogenic chemical 
substances that due to their resistance to degradation persist in the environment.  The unusual 
persistence, semi-volatility and other POPs physico-chemical properties have resulted in the 
presence of POPs across the Earth, including remote regions where they have never been 
produced or used such as deserts or polar regions.  
Our area of interest is the Czech Antarctic Johann Gregor Mendel Station, Berry Hill 
and Crame Col located on the northern ice-free coast of the James Ross Island (JRI), east off 
the Antarctic Peninsula. The 2007 data on POPs presence in soils, sediments and air in this 
locality was published by Klanova et al. (2008). 
In our study we present new results of the POPs measurements using passive air 
samplers made of polyurethane foam (PUF) in JRI air obtained during unique five year long 
monitoring. Two different time periods were monitored: one month sampling during Antarctic 
summer and 12 months.  A total of 30 of 3-7-chlorinated congeners of polychlorinated 
biphenyls and several organo-chlorinated compounds were identified and quantified using 
GCxGC/TOF-MS. The distribution of various chlorinated biphenyls in different periods 
suggests that during the Antarctic summer, when the pollutants were sorbed on polyurethane 
foam for only a month, the high-chlorinated PCBs predominate over those less-chlorinated. 
This was observed both in Berry Hill and Crame Col locations. On the contrary, the annual 
monitoring yield more high-chlorinated PCBs than less-chlorinated PCBs sorbed on the 
PUFs. We focused on natural parameters, which might influence the levels of POPs in the air 
above the surface of the island. Air temperature and low-level wind direction measured by the 
net of automatic weather stations (AWS), together with different geomorphological features 
of sampling sites are among the most important factors. They show seasonal differences 
affecting the presence of individual POPs in the low-level air of James Ross Island. 
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We found that during 60–70 % of the whole sampling period the colder winds from 
SW to W occur, while those warmer from E to NE prevail during 15–20 % time. The local air 
flow directions are influenced by the local topography at both sampling sites. At the Crame 
Col site the cold wind from S to SW is the most common, whereas at the Berry Hill site the 
SW to W winds predominate.  
The conclusions suggest that the POPs measured in the low-level air above James 
Ross Island in marginal parts of Antarctica originate from the devolatilization of the local 
environment, such as superficial parts of sediments, soils, glaciers, lake water due to warmer 
winds during the short summer rather than from a direct fall-out from long-range transport.  
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PM10 samples were collected using the hi-flow sampler Stamplex Air Division with 
Whatmann quartz filter (0.06237 m2), and a constant air flow of 1.13 m3/min. The analyzed 
samples were taken in the seasonal sampling system in 2007, and represent air pollution from 
all months of the year.  
The main identified organic compounds were n-alkanes, isoprenoids, polycyclic 
aromatic hydrocarbons (PAHs), aromatic oxygen compounds, fatty acids and anhydrosugars. 
Distribution of n-alkanes shows slightly an odd to even carbon number predominance (CPI 
range from 0.73 to 1.53, average = 1.04). The Cmax for the n-alkanes are diverse and vary 
from 18 to 31 (with C29 or C31 as most dominant homologs). This distribution suggests that n-
alkanes in our samples are derived mainly from petroleum residues of vehicular emissions 
with minor contribution from higher plant waxes. PAHs concentrations differs significantly 
for summer (13,4 – 23,3 ng/m3) and winter (215,4 – 296,0 ng/m3) months, but in both cases 
four-, five- and six-ring PAHs of pyrolytic origin predominates. The major organic compound 
from the investigated extracts is levoglucosan (Fig 1). This commonly described 
anhydrosugar (e.g. Simoneit et al., 1999; Simoneit, 2002) is thermal degradation product of 
cellulose and together with other anhydrosugars (like mannosan and galactosan) is treated as 
an excellent tracer of biomass burning. Levoglucosan concentrations ranged from 8,3 ng/m3 
in summer months to up to 9000 ng/m3 in winter. 
 On the other hand δ13C value of total carbon (vary between -27.6 and -25.3‰) 
confirm the previous conclusions that the major source of OM from Wrocław city during 
winter is derived from coal combustion (Górka et al., 2012). However, total extracts of PM10 
are relatively depleted in 13C (δ13C values from -41.8 to -30.7‰). Moreover, aliphatic and 
aromatic organic fraction of extracts characterized by δ13C values from -36.6 to -19.4‰ and 
from -35.4 to -26.8‰ respectively. We have not observed any statistically significant 
relations between carbon isotopic composition of total carbon of PM10 and extracted 
fractions from filter (total extracts, n-alkanes and PAHs). 
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Figure 1. Distribution of monosugars and anhydrosugars in samples collected in winter and 
summer. 
 
Hence, we conclude that the isotopic signal  reported  in  total  carbon  comes from  
unresolved  soot  originated  from  coal combustion (heating season) and diesel/gasoline 
combustion or C3 fragments (vegetative season). Compounds present in extracts are mixture 
of biomass and coals burning with quantitative preponderance of the first listed source. 
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Arsenic (As) is one of the priority environmental pollutants and can occur in the 
environment under organic or inorganic form. Inorganic As may exist in the environment in 
different oxidation states being arsenite [As(III)] and arsenate [As(V)] the dominant species. 
Various As adsorbents such as Fe/Al/Mn oxides and hydroxides, and some industrial by-
products (i.e. alumina derived red mud), have been recently tested to reduce As bioavailability 
in polluted soils (1). A poorly investigated low-cost and potentially effective As sorbent is 
represented by the drinking-water treatment residues (WTRs). The WTRs are primarily 
composed of Fe/Al (hydr)oxides while minor components are CaCO3, activated C and high 
molecular weight organic substances (2). The ability of WTRs to interact with inorganic As 
species is mainly due to the presence of Fe/Al oxides and hydroxides which are well known to 
possess a high affinity towards the metalloid.  
In this context, we determined the As(V) sorption capacity of two different WTRs (i.e. 
Fe-WTR and Al-WTR) at pH 4.0, 7.0 and 9.0 and assessed the interaction mechanisms that 
regulate arsenate accumulation by WTRs. 
The Fe- and Al-WTRs used in this study were sub-alkaline (pH 7.88) and sub-acidic 
(pH 6.45) respectively. The specific surface area was 35 (Fe-WTR) and 28 m2·g-1 (Al-WTR) 
while the pHpcz was 7.50 (Fe-WTR) and 6.85 (Al-WTR). Furthermore, Fe- and Al-WTRs 
contained 245.5 mg·g-1 of Fe and 138.5 mg·g-1 of Al respectively. No Al or Fe crystalline 
hydr(oxides) were revealed by X-ray diffraction analysis. 
Sorption isotherms showed that both WTRs had a high affinity for As (H2AsO4- and 
HAsO42-) and that As sorption was pH-dependent. In particular, the adsorption capacity 
decreased with increasing pH from 4.0 to 9.0. Fe-WTR showed a greater As(V) sorption 
capacity than Al-WTR at all the pH values investigated, e.g. the As(V) amount sorbed by Fe- 
and Al-WTRs at pH 4.0 was 1.65 mmol·g-1 and 1.02 mmol·g-1 respectively.  
Sequential extraction of As-WTRs showed that on average less than 20% of As(V) 
was water soluble and exchangeable. The arsenate fraction specifically-sorbed was 
significantly higher in the Al-WTR than in Fe-WTR, while the residual As(V) was more than 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 346 -
70% in both WTRs at all the pH tested. These data indicate that the main mechanism 
governing the adsorption process of As(V) by WTRs likely involve the formation of inner-
sphere surface complexes and/or stronger forces such as those leading to the formation of 
chemical compounds in which the As(V) is incorporated as a structural component of 
inorganic compounds with low-solubility (e.g. CaFe or CaAl arsenates). 
The FT–IR spectra of the WTRs doped with As(V) at all the pH values (Fig. 1), 
showed a well resolved band at 865 cm−1 which can be attributed to (As–O) vibration 
supporting the occurrence of inner-sphere Fe/Al–O–As complexes as suggested by the 
sequential extraction. 
These outcomes make Al/Fe-WTRs as a promising tool for the recovery of As 
polluted soils and waters. 
 
 
Figure 1. FT–IR spectra of Fe and Al–WTR doped with As(V) at pH 4.0. 
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The Athabasca region of northern Alberta, Canada has one of the world’s largest oil 
sands reserves, producing over 85 million m3 of bitumen in 2011.1 Open pit mining of oil 
sands followed by bitumen extraction using water and caustic soda produces oil sands tailings 
that are deposited in settling basins (“tailings ponds”).2 The sand settles quickly, whereas the 
fine clay suspensions in the pond slowly consolidate over 5−10 years to become mature fine 
tailings (MFT).3 The tailings sands are used for land reclamation. The reconstruction of the 
disturbed landscapes back to working ecosystems is an issue of increasing importance for the 
oil sand areas in Canada. In this context the process-oriented characterization of oil sand-
derived organic compounds in the tailings is of utmost environmental importance. 
Bitumen as well as MFTs and tailings sands contain complex mixtures of organic 
compounds, which show a huge variety in their elemental compositions and chemical 
structures. In particular, compounds containing the heteroatoms nitrogen, sulfur and/or 
oxygen occur in variable but generally high to very high amounts. Here, we will provide a 
detailed overview of the compositional and quantitative characterization of the organic matter 
in oil sand, unprocessed and processed MFT samples as well as in tailings sands used as part 
of land reclamation. Bitumen and its fractions have been characterized by conventional 
organic-geochemical tools such as GC-MS. The maltene fractions have been further analysed 
by direct infusion atmospheric pressure ionization and ultrahigh resolution FT-ICR-MS. 
The negative-ion electrospray (ESI)-FT-ICR-mass spectra of the maltene fractions 
from examples of the four different sample types indicate clear compositional differences 
(Fig. 1). E.g. it is obvious that the tailings sand sample from the reclamation site is dominated 
by simple fatty acids deriving from plants and microorganisms. The unprocessed MFT shows 
a significantly higher abundance of constituents of lower molecular weight than the oil sand 
or the processed MFT. Likewise, clear differences can be recognized in the compound class 
distributions derived from the evaluation of the raw data as depicted by the pie charts in Fig. 
1. In this presentation we will document that relatively minor changes in the composition of 
the residual organic matter derived from the original oil sand do occur over the complete oil 
sand and mining process despite its variable abundance in the different sample types. 
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Observed compositional differences are to a great extent due to the addition of exogenous 
organic components that can be traced to anthropogenic and biological activity. 
 
 
Figure 1: ESI(-) FT-ICR-mass spectra and the relative abundance of the different 
heteroelement classes in maltenes from an oil sand, an unprocessed and a processed mature 
fine tailing and a tailing sand from reclamation site. 
 
REFERENCES 
1 Environment and Sustainable Resource Development, Government of Alberta. 
http://environment.alberta.ca/apps/OSIPDL/Dataset/Details/46 (01.13. 2013) 
2 Leung, S.S.-C., MacKinnon, M.D., and Smith, R.E.H., 2001. Aquatic reclamation in the 
Athabasca, Canada, oil sands: Naphthenate and salt effects on phytoplankton communities. 
Environmental Toxicology and Chemistry 20(7), 1532-1543. 
3 Siddique, T., Penner, T., Semple, K., Foght, J.M., 2011. Anaerobic Biodegradation of 
Longer-Chain n-Alkanes Coupled to Methane Production in Oil Sands Tailings. 
Environmental Science & Technology 45(13), 5892-5899. 
Oil sand
Unprocessed MFT
Tailings sand
Processed MFT
200 300 400 500 600 700 m/z
Ox
58%Ny
16%
OxNy
2%
OxSz
18%
NySz
3%
OxNySz
1%
OxNySzNav
2%
Ox
71%
Ny
2%
Sz
1%
OxNy
9%
OxSz
9%
NySz
3%
OxNySz
1%
OxNySzNav
4%
Ox
51%
Ny
6%
Sz
3%
OxNy
5%
OxSz
30%
NySz
1%
OxNySzNav
4%
Ox
56%Ny
17%
OxNy
2%
OxSz
13%
NySz
3%
OxNySzNav
9%
C26H52O2
C24H48O2
C22H44O2
C28H56O2
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 349 -
NATURAL ATTENUATION OF HEAVY FUEL OIL  
COMPONENTS ALONG OILED SHORES 
 
José Luis R. GALLEGO1*, Azucena LARA1, Eduardo RODRÍGUEZ-VALDÉS1,   
Gonzalo MÁRQUEZ2 and Marcos ESCOBAR3  
 
1. Environmental Biotechnology and Geochemistry Group.  University of Oviedo. C/Gonzalo 
Gut. S/N, 33600-Mieres (Asturias), Spain 
2. Departamento de Ingeniería Minera, Mecánica y Energética, Universidad de Huelva, 
21819 Huelva, Spain. 
3. CARBOZULIA S.A., Av. 2 No. 55-185, Casa Mene Grande & Universidad del Zulia, 
Maracaibo 4002 A, Venezuela 
*) Corresponding author: jgallego@uniovi.es 
 
In June 2012, the Cantabrian shorelines of Asturias (Spain) were affected by a fuel oil 
spill from an industrial facility very close to the coast. As a result, several sandy beaches and 
shore rock areas were notably affected. Our research carried out a study all along the coasts in 
which natural attenuation of hydrocarbons in oil-coated pebbles, cobbles and boulders was 
controlled. In this context, the application of GC–MS techniques and biomarker 
determinations is the most popular tool for evaluating natural attenuation of oil derivatives 
spilled in natural environments (Gallego et al., 2006; Snape et al., 2006). 
After four sampling campaigns that took place during the first six months after the 
spill, the fuel residues coating the shorerocks were studied following different analytical 
approaches. The main one consisted on a Soxhlet extraction and a subsequent SARA 
fractioning followed by GC-MS analysis of the saturate and aromatic fractions. A second 
strategy was based on the direct analysis of the asphaltene fraction, and the whole residue in a 
Pyrolysis-GC-MS equipment thus taking into account all the hydrocarbon and non-
hydrocarbon families present in the fuel oil. Following the preceding considerations, the main 
scope of the work was the study of the geochemical evolution of the different fractions of the 
spilled product. 
The examination of the chromatograms showed in Figure 1 clearly suggests a rapid 
degradation of the lighter compounds. In fact, in the first six months after the spill most of the 
volatile compounds (aromatic and saturates) were volatilizated, and linear alkanes were 
rapidly biodegraded as indicated by a decreasing C18/Phytane index. In this initial degradation 
stages, the study of the aromatic fraction also reveals variations in molecular ratios within the 
most abundant compounds in the study fuel oil (light PAHs and their derivatives: 
alkylnaphthalenes and alkyl-phenanthrenes). Finally, the pyrochromatograms, although not 
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easy to interpret, presented a global overview of the evolution of the hydrocarbon families in 
coherence with that obtained in the SARA fractioning. 
 
Figure 1.  (a) A comparison between the saturate fraction of the spilled fuel  showing a 
bimodal distribution of n-alkanes (up), and the situation of the fuel coating shorerocks after 
60 days of the spill (down). (b) The same for the aromatic fraction; note the notable reduction 
of lighter compounds. (c) The same for the pyro-chromatograms, it is remarkable the 
disappearance of the bimodal distribution. 
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The aim of this study was to develop a rapid analytical methodology to access the 
level of oil biodegradation in laboratory or field experiments. Biodegradation has emerged as 
the technique of choice in combating oil spills following first response actions and can be 
enhanced by the following two complementary approaches: bioaugmentation and 
biostimulation. In bioaugmentation, the addition of oil-degrading bacteria boosts 
bioremediation rates, whereas in biostimulation the growth of indigenous hydrocarbon 
degraders is stimulated by the addition of nutrients (mainly N & P) or other growth-limiting 
nutrients. 
The effectiveness of biodegradation experiments is usually assessed using tedious and 
expensive analytical methods like gas chromatography-mass spectroscopy (GC-MS). At the 
same time FTIR spectroscopy has been shown to be a rapid and informative analytical 
technique providing compositional information for samples with even minor differences, 
when chemometric methods are employed in spectral treatment. 
The oil samples employed in this work were produced in a laboratory 
bioaugmentation/biostimulation experiment using seawater. Biodegradation was carried out in 
a bioreactor with 1% v/v crude oil in order to adapt indigenous population. Pre-adapted 
consortium or indigenous population (M) were tested in combination with inorganic (N, P, K) 
or lipophilic nutrients (uric acid-U, lecithin-L) in the presence (or not) of biosurfactants 
(rhamnolipids-R) in 90-day experiments. Oiled seawater samples were extracted with 
dichloromethane and the extracts were analyzed using a mid FTIR spectrometer in attenuated 
total reflectance (ATR) mode. The obtained spectra in the 4000-650cm-1 range, digitized with 
a step of 2cm-1 were used as input for chemometric treatment. A characteristic spectrum is 
shown in Figure 1. Additionally, for comparison purposes, the extracts were fractionated in 
solid-phase extraction (SPE) cartridges and the aliphatic and aromatic fractions were analyzed 
by (GC–MS). 
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The analysis indicated that FTIR spectra are suitable to evaluate biodegradation 
effects. The spectrum pattern in the 3150-2750cm-1 region, (mainly methyl and methylene 
groups) treated with principal component analysis (PCA), was found to reflect the 
biodegradation level determined from the GC-MS analysis. Similar information was obtained 
for the 900-700 cm-1 IR spectrum band. 
Additionally FTIR spectra of the extracts provide quantitative information about the 
presence of the organic constituents (U, L, R) used to enhance oil degradation. This 
information is especially important in fieldwork, where suitable conditions for achieving 
enhanced biodegradation of hydrocarbons are confirmed at the onset and maintained 
throughout the treatment. 
 
Figure 1. FTIR spectrum of a biodegraded with U-L-R nutrients, oil. 
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Watery habitats belong to the most vulnerable lands because low rate of anthropogenic 
effects can lead to significant and fast changes in these places. The studied saline area (Lake 
Nagyszéksós, Hungary) reflects well the regional environmental and climatic changes. Soil- 
and water-chemical measurings and examinations were carried out. In this paper we present a 
part of ones. On the basis of the investigations we compiled parameter maps of the studied 
area which were useful revealing of (1) the sensitive areas, (2) changing of the nutrients ratios 
and (3) the changes because of the cultivation of the neighbouring fields. 
Distribution maps of soil and water chemistry parameters complement each other perfectly. 
Areas are characterized by high pH values and they show the typical alkaline wetland image. 
On the distribution map of the EC the high concentration spots show clearly the way of 
chemicals in the soil, with higher solute content from the high-lying cultivated fields and 
farms to the lake. Areas with high organic content (> 2.9%) can be seen on the west side 
where the richest vegetation (reed) is. 
The dispergated organic molecules were characterized by E2 (250 nm), E3 (365 nm), 
E4 (465 nm) and E6 (665 nm) values and they were represented with E2/E3 and E4/E6 ratios 
in parameter maps. The smallest molecular size fulvic-acids are characterized by E2. Its 
parameter map is consistent with the maps of chloride, bicarbonate and the measured kations 
(Na+, K+, Ca2+, Mg2+). These molecules remain in solution in all pH values. They are so-
called statistical hanks and they can restructured their molecules according to ionic strength 
and pH values. It is assumed that a portion of the chloride ions are associated with the organic 
molecules. The boating area is shown well by the E3 values, but the line of Széksós main 
channel is come into view only roughly. The distribution map of E2/E3 values show three 
distinct zones. The ‘south zone’ can be defined by the highest values. This zone is separated 
with an almost straight line from the other part of the lake. This ratio shows the backwater 
effect of the road and the lock. The lock building was sponsored by a water-retention 
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program. The distribution map of humic acids (E6) – which are mobile in alkaline solution – 
shows consistent picture of the studied area. The E2, E3, E4 values of the north-western 
confine designates the cultivated area near the lake. It may be assumed that the low-molecular 
organic material derives from the organic fertilisation here. The other area is - where there are 
absorbance maxima of all organic matter fractions - in the north-eastern part of the upper third 
of the lake. Here the garden of the farm starts on the waterfront directly and thus the way of 
the soil solution is shorter to the lake, the loss of the concentration is lower, the infiltration of 
the organic matter is revealed better on this part of the lake. The E4/E6 values are the largest 
on the resting area of the water buffalos (Bubalus Bubalus) in the north-west coast. The E2, 
E3, E4, and the phosphate values are similar on the maps. The reason for the latter case that 
the organic acids can influence the phosphorus solubility: (1) organic anions (humic and 
fulvic acids) desorbe the phosphate ions, or (2) adsorption sites are blocked from the 
phosphate (3) some organic acid form water-soluble complexes with Fe3+ and Ca2+ ions. If the 
organic materials decomposed the phosphorous is mineralized from organic bounds. The 
E4/E6 values are the smallest on the area of the boating lake as well as the upper third of the 
lake in the north-east, where pH values are the highest. Dredging was done in these two areas 
in the last period and the large part of the lower mobility organic matter was removed. The 
enclosed reeds and the southern part of the lake – what was occupied by buffalos – seem 
similar. 
Sustainable rehabilitation process of waterside habitats - which is proven to be 
effective on saline wetlands - was tested and submitted to scientific analysis never before. The 
application, development and spread are hindered without these tests. Our results provide 
possibility to (1) map the natural and anthropogenic influences, (2) monitoring the chemical 
changes on the area and (3) explore the complex environmental and natural processes and 
anthropogenic activities. 
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Dissolved aromatic compounds in Hungarian thermal waters were first reported and 
later described by Kárpáti et al. (1995; 1999). Among the identified compounds were 
alkylbenzene, polycyclic aromatic hydrocarbon (PAH) and phenol homologue series. The 
appearance of dissolved organic compounds was bound to a threshold temperature at ~75°C, 
and their distribution was influenced by the water temperature. Demethylation and 
aromatisation were observed with increasing temperature. The origin of these compounds was 
not known, precursor candidates were lignites, humic substances and bitumen. 
Simulation experiments (aquathermolysis) were carried out on different materials: 
humic and fulvic acids (FA), bitumen (Bit), lignite (Lig) and organic precipitation from a 
thermal well. The samples were treated in a Parr reactor vessel in 3 g/L NaHCO3 distillated 
water for 24 or 72 hours on 220°C, 250°C, 300°C and 320°C under reductive conditions. The 
aim was to reproduce the organic matter decomposition and generation of aromatic 
compounds as have been observed in thermal waters. The results were partly discussed in 
Fekete et al. (2011, 2012). 
In this paper we focus on the comparison of aromatic compounds (alkylbenzenes, 
PAHs and phenols) originating from ~40 thermal waters from the Pannonina Basin and of 
those formed during heating experiments from Lig, Bit and FA. The concentrations of 
alkylbenzenes and phenols are in the same ranges measured in the thermal waters and in the 
experiments. The concentrations of PAHs are circa one order of magnitude higher in thermal 
waters than in the experiments. The proportion of phenols is higher in the experiments, while 
in the thermal waters PAHs are the dominant compounds (Figure 1.). 
Also, the threshold temperature of alkylbenzene (~50°C outflow temperature) and 
phenol (~70°C outflow temperature) generation can be observed. This threshold temperature 
in the experiments is around 220°C for phenols. 
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Figure 1.  Proportions of phenols, PAHs and alkylbenzenes 
 
Benzene, toluene and naphthalene are more abundant compounds in thermal waters 
than in the experiments. We did not observe any strictly temperature dependent compound or 
ratio in the case of thermal waters, however, in the experiments increasing alkylbenzene, PAH 
and phenol concentrations and decreasing phenanthrene/anthracene ratio is bound to 
increasing temperatures.  
We may conclude that on the basis of our recent knowledge (concerning the applied 
conditions) the concentrations of PAHs in thermal waters are more likely influenced by 
residence time than temperature. The generation of phenols and alkylbenzenes is bound to a 
threshold temperature. The simulation aquathermolysis experiments can be used to model the 
generation of phenols and alkylbenzenes in thermal waters. 
This work was funded by the Hungarian Scientific Research Fund (OTKA) through grant 
T048829 and K84086. 
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The blowout of the Deepwater Horizon drilling rig (DwH) in the northern Gulf of 
Mexico on April 20, 2010 presented the first opportunity to evaluate the fate and effects of an 
oil spill at 1520 m depth. This study evaluates the effect of the DwH blowout on the deep-sea 
sedimentary environment and on continental-shelf and deep-sea fish communities. 
Analyses of high-resolution deep sediment cores collected in 2010-2011 revealed 
changes in contemporary sedimentary processes. Following the DwH blowout, sediment mass 
accumulation rates increased up to one order of magnitude higher than pre-blowout rates. 
Interestingly, organic carbon accumulation rates were also highly elevated by at least one 
order of magnitude (Figure 1). Independent of site, extractable hydrocarbons from the surface 
layers exhibits a broad distributions of compounds with mixed sources dominated by 
terrestrial inputs and oil-derived particles. We found also high concentrations of polycyclic 
aromatic hydrocarbons (PAHs) in the sediments indicating potential adverse ecological 
effects for the benthic environment in the studied areas (Figure 1).  
The impact caused by the DwH blowout in the Gulf Mexico reached as well high 
trophic levels. Analyses of continental-shelf and deep-sea fishes collected in 2010-2011 
revealed changes in fish communities’ structure and increases in the number of skin lesions 
after the DwH blowout. Elevated PAHs concentrations were observed in all fish species 
studied, with a 10-fold increase from 2010 to 2011 in both communities (Figure 2). 
Variability of PAHs composition over time suggests both fish populations were exposed to 
not only Macondo-derived oil but also pyrogenic PAHs from incomplete combustion of 
surface burned oil.  
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These results are consistent with the hypothesis of a large depositional event of 
sinking not only microbial-derived oil particles and oil particles itself, but also large quantities 
of incomplete burned-oil particles from surface oil slicks. Results indicate a varied of 
mechanisms responsible for the sedimentary oil deposition and its associated biological 
impacts that still needs to be accounted for the potential long-term effect of DwH blowout in 
the Gulf of Mexico.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Mass accumulation rates for total organic carbon (TOC) and total polycyclic 
aromatic hydrocarbons (Total PAH), concentration values for low and high molecular weight 
PAH (LMW and HMW, respectively), and density values for foraminifera for three sites 
(PCB06, DSH08, DSH10) located in northern Gulf of Mexico. Data is shown from the year of 
2005 to 2011.  
 
 
 
 
 
 
 
 
Figure 2. Total polycyclic aromatic 
hydrocarbon (PAH) concentrations 
in muscle tissues of deep-sea fishes 
during 2007 (pre-oil spill), 2010 
(during oil-spill) and 2011 (post-oil 
spill) in the Gulf of Mexico. Data 
shown as average  SD.  
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The Cananéia-Iguape Estuarine-Lagoon System (CIELS, Figure 1) is considered a 
Biosphere Reserve by UNESCO. Nevertheless, before being considered a reserve, 
environmental changes occurred after the Valo Grande channel (VG) (1827) opening, 
connecting the system to the Ribeira de Iguape River (Tessler & Souza, 1998). Molecular and 
isotopic composition of n-alkanes is useful to differentiate sources of organic matter (OM) 
(Schefuβ et al., 2003). The objective of the present study was to verify differences on OM 
input caused by the VG in the CIELS, through the use of n-alkanes and its isotopic 
composition. 
Twenty six surface samples were collected on CIELS (Figure 1) on March 2011, with 
the research ship Velliger II from Universidade de São Paulo. Also, leaves from 11 dominant 
plants species from the region were collected. The n-alkanes were extracted and analyzed 
through a gas chromatograph (GC) equipped with flame ionization detector. The δD and δ13C 
of n-C29 and n-C31 were analyzed through a GC coupled to an isotopic ratio mass 
spectrometer.  
The sediments presented variable n-alkanes composition, and differences in its 
distribution could be used to verify differences on the OM input. The δ13C of bulk, the 
prevalence of long-chain odd n-alkanes and the δ13C and δD of this compounds (Figure 1) 
indicated that the sedimentary OM of CIELS has natural origin, coming mainly from higher 
plants and emergent macrophites (Ficken et al., 2000). Though a cluster analysis (Complete 
Linkage, Euclidean Distance) the CIELS was divided in two main groups of OM deposition: 
the northern and the southern area. The n-alkane δD presented low variability (Figure 1D). 
Comparing the δ13C of n-C31 and the n-alkanes indexes calculated from the leaves and 
sediment samples (Figure 1A, B and C), it was observed that the area just over the VG 
influence (northern area) presented mainly Atlantic Forest plants input (Paq<0.10, AI>0.50, 
δ13C n-C31<-32.0‰) with some influences of emergent macrophytes (δ13C n-C31>-28.0‰). To 
the southern area, the influence of emergent macrophytes (Paq>0.20) and mangrove trees 
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(AI<0.45) was higher. The VG introduces on the CIELS OM carried by the Ribeira de Iguape, 
which pass through the Atlantic Forest. The higher currents promoted by the presence of this 
channel decreases the set of emergent macrophytes and mangrove trees decreasing their 
contribution to the deposited sediment on this area. On the other hand, the encounter of high 
tide waves coming from the inlets promotes a low hydrodynamic condition in the southern 
part of the system, which makes the conditions of this region better to the set of those 
mangroves trees and emergent macrophytes.  
 
 
Figure 1. Aquatic Production (Paq, A), Alkane Index (AI, B), δ13C-nC31 (C, ‰), and δD-nC31 
(D, ‰) distribution on the Estuarine-Lagoon System of Cananéia-Iguape (VG=Valo Grande 
channel; RI=Ribeira de Iguape River). Paq= ሾ௡஼మయሿାሾ௡஼మఱሿሾ௡஼మయሿାሾ௡஼మఱሿାሾ௡஼మవሿାሾ௡஼యభሿ; AI= 
ሾ௡஼యభሿ
ሾ௡஼మవሿାሾ௡஼యభሿ.  
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Emerging pollutants constitute a part of a large set of potentially hazardous chemicals 
products (Martinez-Bueno et al., 2012) reaching the environment. Considering the European 
legislation, this group of molecules contains a wide variety of drugs and hormones and some 
other compounds considered as priority pollutant compounds (Lapworth et al., 2012). 
Currently, most of these priority pollutants are rejected in the natural environment 
since their treatment is not dealt by classical Sewage Treatments Plants (STP’s). These 
micropollutants have a toxic impact on the environment and living organisms, event at a small 
concentration. 
This work was motivated by two assessments: (i) studies conducted on this issue were 
performed almost on a possible phytoremediation of the water pollution problem and never 
exploring the possible role of organomineral interactions. (ii) Clays are a very common 
material and present a lot of interesting sorption properties. Excepted some rare works, (e.g. 
Wu et al., 2012) which focused on the study of one single pollutant, the literature interested in 
studying the way to solve this problem is scarce.  
According to the litterature (Ternes, 1998 and references therein) this work focuses on 
almost popular emerging pollutants (24 drugs and 4 hormones). The objective was to select 
the most dangerous and most common products in treated sewage waters. The first aim is to 
investigate the occurrence of each pollutant in two sewage treatment plants in France. This 
occurrence is investigated by HPLC-UV and/or HPLC/MS analysis after a Pressurized Liquid 
Extraction (PLE) extraction (Zuloaga et al., 2012) with the liquid chromatography column EC 
125/4 NUCLEODUR C18 Gravity.   The medical standards were supplied by Sigma-Aldrich.  
The main goal was to develop an innovative system to trap pollutants based on 
organomineral interactions with different types of lamellar (natural, synthetic or modified) 
minerals particularly clays. The sorption capacity of clays is well documented (Lee et al., 
2012) especially in natural sedimentary environments (Drouin et al., 2010, Mahamat Ahmat 
this meeting). Clays, especially smectites, have a double interest: their potential association 
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with molecules is efficient and their cost remains low compared to other treatment options 
such as membranes (Ali et al., 2012).  
Different types of clays were used; a Natural Clay (SWy-2), synthetic clay and 
artificially modified minerals: organo-clays. The efficiency of each mineral was compared to 
the others, regarding the sorption efficiency of selected pollutants. Two types of experiment 
were performed to reach these objectives, (i) batch interactions respecting the naturals 
physical conditions (T° and pH) and (ii) in the groundwater to test directly the efficiency of 
the sorption and to estimate the competition between molecules (natural and anthropic) in the 
environment.  
Additionally some properties of clays were modified to improve the sorption 
efficiency. For example we noted that low charge clay presented a better sorption capacity for 
aromatics compounds.  Almost of selected molecules are aromatics. 
The results in the laboratory are very promising to develop an adsorption model and 
select the type of clays with the better trapping properties for selected pollutants. The main 
problem for the sewage treatment plant is the competition between selected pollutants and 
other molecules which are currently present in the water. 
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The thermal energy released by high-level radioactive waste stored in geological 
repositories will increase the temperature of the host rock. According to model calculations 
(cf. Baltes 1986), temperatures of up to 200°C in the direct vicinity of the  waste containers  
are assumed for the first hundreds of years in some repository concepts in salt formations in 
Germany. Chemical reactions of naturally occurring hydrocarbons in these evaporite rocks 
can be initiated or accelerated by this increase in temperature. 
For example, cracking of higher hydrocarbons can be induced (cf. Dominé 1989). 
During this process long-chained hydrocarbons split into shorter chain-length compounds, 
which might increase the molar volumes and hence pressure in closed repositories. Cracking 
reactions and possible catalytic effects of salt mineral surfaces are investigated in experiments 
in gold capsules at elevated temperatures (up to 315 °C) and pressures (up to 200 bars). 
Hydrocarbons can react with non-hydrocarbon gases. The rocks of the salt dome 
frequently contain different gaseous substances including oxygen in small fluid-gas-
inclusions (cf. Prohl 1998). Because of mine aeration, an additional supply of oxygen may 
influence reactions in the excavation disturbed zone. To address these possible reactions, 
experiments are being carried out investigating the partial and total oxidation of hydrocarbons 
in presence of halide and sulphate salts in atmospheres containing varying amounts of oxygen. 
A variety of experiments were carried out using model compounds in gold capsules as 
reaction chambers. For these experiments chemically pure salts such as NaCl, Na2SO4, 
MgSO4 and MgCl2 are used. To compare the model systems to the more complex real systems 
finely grounded halitic rocks from drill cores from the Gorleben exploration mine are also 
used as solid starting material with different added organic model compounds, some of them 
with an isotope label. The parameters that are varied in these experiments are temperature, 
pressure, duration and the water availability. As the BET surface has a significant influence 
on surface-catalyzed reactions it is systematically varied by using different grain sizes of the 
minerals.  
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In addition, intact core samples from the Gorleben salt dome containing naturally 
occurring hydrocarbons are heated in a closed high-pressure reactor to document the pressure 
increase and release of organic compounds. Analysis of the final products of the experiments 
is performed by different gas chromatographic methods for hydrocarbons and non-
hydrocarbon gases. Preliminary results have shown typical cracking products and additional 
products from partial or total oxidation of hydrocarbons.  
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In the north region of Rio de Janeiro state, Brazil, an oil pipeline called OCAB comes 
from an offshore platform, enters the continent at Barra do Furado beach and crosses the 
restinga buried at a depth of 1,5m (average), with most of its length immersed in the 
groundwater that supplies the lagoons of the National Park of Restinga de Jurubatiba (NPRJ), 
an environmentally protected area. Restinga is defined as a sandy coastal plan, ecologically 
relevant by its different vegetation types and an important system of coastal lagoons, 
ecologically sensitive. For this reason, the purpose of this research was to create a 
methodology of bioremediation in the restinga in case of an accident involving oil spillage 
with the application of a slow-release fertilizer (Osmocote®). 
For the experiment, sediments of three different places, representative of OCAB’s 
route were collected: (1) at Barra do Furado beach, (2) inside the NPRJ, and (3) beside the 
OCAB. The sediments were oil-spiked (5% wet weight) and then placed into glass columns. 
In point 1, the sediment was contaminated with oil in the top layer, simulating an oil spillage 
superficially. In points 2 and 3 the contamination was sub superficial, representing a leakage 
of the oil pipeline, buried in the restinga. For biostimulation, the sediments were amended 
with Osmocote®. The pipeline immerses in groundwater in some parts. For this reason, in 
point 1 the sea water was used and in points 2 and 3, a lagoon water. During the experiment, 
about 15g of oil-spiked sediment was taken from each column for the geochemical analysis. 
Sampling was conducted on Days 0, 7, 14, 21, 28, 42, 63 and 84. The sediment collected was 
extracted and then analyzed by liquid chromatography to separate the saturated and the 
aromatics hydrocarbons. Then, the fractions were analyzed by gas chromatography/mass 
spectrometry (GC/MS) to evaluate the bioremediation process. All data were normalized with 
respect to the biomarker C30-17α(H), 21β(H)-hopane[1][2]. Also, for the oil biodegradation 
during the experiment (bioremediation and control columns), a first order hopane-normalized 
model was used, calculated as: C/CH=(C/CH)0 . exp(-kt)[3].  
After 28 days of bioremediation, the most expressive results were obtained for point 1 
(superficial contamination), with the intense biodegradation of the n-alkanes and the 
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isoprenoids (pristane and phytane), as shown in Table 1. The first order biodegradation rate (k) 
for point 1 was calculated for 28 days, since after that all pristane and phytane were consumed 
(*). All other k results were calculated for 84 days. In point 2 the oil biodegradation occurred 
only after 28 days, since the contamination in this point is sub superficial and, though, less 
aerated. In point 3 no bioremediation was observed, probably to the fact that it received less 
lagoon water (representing a point with less influence by groundwater) during the experiment.  
Table 1. Ratio of compounds normalized with hopane during the 84 days of experiment. 
 
In point 1, the phenanthrene/hopane results for the column with Osmocote® showed a 
considerable biodegradation ratio, mostly after 42 days, that is, right after the n-alkanes were 
consumed[4], when compared to points 2 and 3 (Fig. 1A) and its respective control (Fig. 1B). 
 
Figure 1. Ratio phenanthrene/hopane for Osmocote® and Control after 84 days. 
We conclude that the Osmocote® is a reasonable option as a biostimulant in a 
methodology of oil bioremediation in restinga sediment, especially when considering a 
superficial contamination (point 1), but being also effective in a sub superficial contamination 
(point 2) of the restinga. The use of Osmocote® increased the degradation ratio of the n-
alkanes, isoprenoids and the polycyclic aromatic hydrocarbons (HPAs), as phenanthrene.  
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1 0,6 0,6 0,7 0,6 0,5 0,6 0,4 0,6 0,3 0,5 0,0 0,6 0,0 0,5 0,0 0,6 0,059* 0,003*
2 0,5 0,6 0,8 0,9 0,7 0,7 0.9 0,3 0,3 0,7 0,6 0,7 0,5 0,6 0,4 0,6 0,002 0,001
3 0,9 0,7 0,5 0,7 0,7 0,5 0,5 0,5 0,3 0,5 0,6 0,7 0,7 0,6 0,8 1,0 0,0003 0,0004
1 0,2 0,2 0,2 0,2 0,2 0,2 0,1 0,2 0,1 0,2 0,0 0,2 0,0 0,2 0,0 0,2 0,073* 0,007*
2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,0 0,1 0,2 0,2 0,2 0,2 0,2 0,1 0,2 0,005 0,002
3 0,3 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,1 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,003 0,002
1 15,66 15,77 12,45 15,14 2,93 11,76 0,75 4,08 0,24 1,33 0,05 1,64 0,11 1,17 0,03 1,61 0,073 0,027
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Rivers play important roles in carbon cycle by transporting carbons from land to ocean. 
Organic carbons transported from lands are mixed with marine organic carbons in estuary 
areas, and support the coastal ecosystems[1]. In recent years, the modes of land-use become 
more diverse with increasing human activities. Consequently, various artificial organic 
compounds may flow into rivers without proper treatments[2]. Therefore, it is important to 
evaluate the components of such artificial compounds discharged into the surrounding rivers. 
In this study, we analysed artificial organic compounds in the fraction of dissolved organic 
matter (DOM), aiming to understand the relationship between the composition and the modes 
of land-utilization. 
The water samples were collected in 2010 and 2011 at six stations along with the 
Sagami River (St.1-5) and the Sakawa River (St.6), and one station at Sagami Bay (St.7) in 
Japan. The modes of land-use around the Sagami River are mostly utilized as agricultural, 
residential and industrial areas. The collected water samples were pre-filtered by GF/F filter 
to separate the fraction of particulate organic matter (POM), and then treated by DAX-8 resin 
to obtain the DOM fraction. 
In the present study, sixteen artificial organic compounds were identified. They were 
categorized into four groups according to their origins such as agriculture, human sewage, 
industry and medical products as mentioned earlier. Among them, some organic compounds 
showed a clear tendency reflecting the modes of land-use around the sampling stations. For 
instance, N,N-dimethyl dodecylamine and N,N-dimethyl tetradecanamine, usually used as 
surfactant, are originated from human sewage. These compounds were detected at high 
concentrations from every station (Figure 1-a). Indeed, residential areas are widely distributed 
around the whole watershed of the Sagami River from the upper- to down-stream. Thus, the 
high concentrations of these organic compounds seem to be strongly influenced by the input 
of human sewage at each sampling station. 
In addition, Bisphenol A dimethyl ether widely used for raw material of resin is 
classified as an industry-originated compound. The concentration of this compound increased 
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from the upper stream to the downstream, and showed the highest concentration at St.5 and 6 
located in the estuary (Figure 1-b). Such tendency seems to be related with the industries that 
are densely distributed around the estuary areas. These results suggest that artificial organic 
compounds contained in the DOM faction are closely associated with the modes of land-use 
along with the watersheds. 
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Figure 1.  Average concentration of artificial organic compounds at St.1, 
3 and 5 (the main stream of the Sagami River), St.2 and 4 (the side 
streams of the Sagami River), St.6 (the estuary of the Sakawa River) and 
St.7 (Sagami Bay). (a) is the sum of N,N-dimethyl dodecylamine and 
N,N-dimethyl tetradecanamine, and (b) is Bisphenol A dimethyl ether. 
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The geological storage of CO2 in the subsurface is one possible option to reduce the 
overall emission of this greenhouse gas and with this having an effect on global warming. For 
future realization of geological CO2 storage in saline aquifers or depleted oil and gas 
reservoirs it is necessary to improve our process understanding of the interactions between 
injected CO2, reservoir fluids and rock with respect to the possible mobilisation and extraction 
of the natural organic matter.  
It is known that supercritical CO2 is a good solvent for organic compounds. The 
injection of CO2 in saline aquifers will influence the natural chemical and physical 
equilibrium between reservoir and cap rock and the natural formation fluids leading to 
adaptation of the physico-chemical conditions. The interactions between CO2, formation fluid 
and rock that will be induced by the injection of CO2 will possibly lead to significant changes 
in the properties and composition of the surrounding rock and to mobilisation of the natural 
organic matter in reservoir and cap rock. Mobilisation of additional organic compounds with 
natural formation fluids will also provide substrates for microbial organisms present in the 
deep saline aquifer. 
Here, we present results on the biogeochemical monitoring of the geological CO2 
storage at the pilot site Ketzin, 40 km west of Berlin, Germany. At the Ketzin site, three wells 
were drilled in 2007 to depths of 750–800 m for CO2 injection and monitoring (Prevedel et al., 
2009). CO2 injection into the saline sandstone aquifer (Upper Triassic Stuttgart Formation, 
630-650 m depth) has been started in June 2008. Since then, the behaviour, distribution and 
effects of CO2 within reservoir and cap rock have been monitored quite intensively using 
geological, geophysical and geochemical investigations at various scales (Martens et al., 
2012).  
For baseline characterisation of the reservoir, sandstone samples as well as fluid 
samples have been taken from the monitoring and injection wells and the composition of TOC 
and DOC has been characterised prior to start of the CO2 injection. Since June 2008 several 
monitoring campaigns have been performed to evaluate possible changes in reservoir 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 370 -
geochemistry due to CO2 injection and storage. In September 2012, after injection of about 
62.000 tons of CO2, a new well has been drilled directly into the CO2 reservoir and samples 
from the CO2-exposed sandstone have been taken.   
Within this presentation, the effects of geological CO2 storage on the natural organic 
matter of cap and reservoir rock will be evaluated using rock and fluid samples from the 
Ketzin pilot site. These results will be compared with our observations from lab experiments 
where reservoir and cap rock samples of the Ketzin site have been exposed to supercritical 
CO2 for shorter periods of time (Scherf et al., 2011).     
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Personal care products, pharmaceuticals, household and industrial compounds and a 
growing list of other chemicals, known as emerging contaminants (ECs), are continuously 
released in the environment owing to anthropogenic activities. Although they are present 
usually only at low concentrations, their environmental consequences and impacts in human 
health still remain not well known focusing the attention of many research, especially in the 
water compartment (Daughton, 2004; Wells et al., 2009). Little is still published about their 
presence in soils and the atmosphere. The objective of this work is the assessment of the 
presence of some ECs, in the atmospheric particulate < 10 m (PM10) of the city of Puebla, 
México, agricultural soils of the lower and middle Sinu Basin, department of Cordoba, 
Colombia and surface waters of the Nexapa River Subbasin, Puebla, México. 
Monthly glass fiber filter samples (7×24m3 from 3 stations: TE–industrial, AS-
residential and HS–industrial), were extracted with sonication, filtered and rotovaporated. The 
hexane-dichloromethane fraction of the extract after alumina clean-up and reconstitution to 75 
µL was stored at 4ºC. Just before chromatographic analysis d-pyrene in isoC8 (25 µL, 4 ng/µL) 
was added to extract as internal standard.  
Water samples from stations along the river course were extracted and analyzed by 
GC/MS in sampling campaigns conducted in 1999-2000, 2003-2005 and 2012. Extraction 
was performed according to the EPA SW-846 3510C and 3540C.  
Agricultural soils samples (5 g) were spiked with deuterated surrogates, Soxhlet 
extracted during 16 hours with a mixture of dichloromethane-hexane (1:1), cleaned-up by 
column chromatography, concentrated, spiked with an internal standard and analyzed by 
GC/MS. Data of soil characteristics (organic matter, texture, pH) was also collected.  
Prior to extraction techniques, all samples were spiked with surrogates. Recoveries 
and concentrations of the target compounds were evaluated with a six point calibration curve 
of authentic standards (R>0.95). 
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Major EC unambiguously identified and quantified were (name, main use): Caffeine 
(CAF), stimulant; galaxolide (GAL) and tonalide (TON), synthetic musk fragrances; methyl 
dihydrojasmonate (MDHJ), synthetic fragrance; alkylphenols  (AP), residues of detergents 
and naproxen (NAP),  prescription drug. 
In PM10 the mean values of the contaminants concentrations, in general with no 
significant differences, were associated with the distance to regions of the city with higher 
activity and population density (HS>TE>AS). Temporal patterns for some of the studied 
substances showed no consistency with seasonal temperature, suggesting that other factors 
influence the pollutants concentrations beyond volatilization. 
Soils concentration values, (mean, minima-maxima), ug/kg, were: MDHJ – 10.645, 
1.810-29.325; GAL – 0.583, 0.195-1.640; TON – 0.428, 0.140-0.941; AP – 1.466, ND-6.354. 
No correlations with soil characteristics were found and only a slight tendency to higher 
values in the northeastern part of the study region was observed.  
River water concentrations range in ug/L, ND – not detected: CAF, 0.04-300; GAL 
0.04-374; MDHJ 0.02-301; AP ND-193 and NAP ND-19. As expected they were also found 
in heavily polluted sewer discharges, which explain their presence in the river. 
The obtained results show the presence of ECs in the three environmental 
compartments studied. Their presence in soils may be attributed mainly to irrigation with 
polluted waters. It´s significant that caffeine was not detected in PM10, maybe due to its high 
water affinity, Clearly, because ot their semi-volatility, certain pollutants enter the atmosphere 
which makes possible their long-range transport and deposition in places far from their 
sources. Moreover, this also implies another route of exposure to humans by inhalation 
(Balducci et al., 2012; Alam et al., 2013).  
Authors acknowledge CONACyT (National Council of Science and Technology of 
México), the Spanish International Agency of Cooperation for Development, the University 
of Córdoba and the Technological University of Izúcar de Matamoros for financial support. 
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The estuary of the Guadiana River (SW Portugal/Spain border) is a dense populated 
ecosystem of high ecological interest, which needs to be efficiently managed, including the 
control of its environmental quality. A promising approach to assess and monitor possible 
impacts on the environmental quality of estuarine areas is the analysis of the sediment 
characteristics by using organic- and inorganic geochemical proxies. 
This study reviews data on sea-level rise during the last 13000 yr cal. BP (13 kyr) as 
recorded in the estuarine sediments of the Guadiana River (SE Portugal, SW Spain). We 
combined data from two deep boreholes (CM5 51m deep and CM6 63m deep), drilled 
through the entire postglacial sedimentary sequence, which define a NW-SE cross-section 
approximately 9 Km upstream from the mouth. From both cores we have obtained 
information on sediments sampled in the main estuarine channel, which varies in depth 
between 2 and 14 m and experiences a semi-diurnal mesotidal regime with maximum spring-
tide amplitude at 3.44 m (Garel et al., 2009). 
The figure shows the map of the study area, including geological setting, locations of 
principal mining operations, as well as the CM5 and CM6 cores location in the main channel 
of Guadiana River Estuary (Delgado et al., 2012).  
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The organic geochemical analysis includes the compositional study of the sedimentary 
lipids, which are the most labile fraction of the sedimentary OM, being thus prone to reflects 
changes as consequence of environmental impacts on the ecosystems. Moreover, free lipids 
contents markers surrogated to sediment quality and informative about environmental changes 
or possible human-induced impacts in the estuary. Dry and homogenised sediment samples (< 
2 mm) were Soxhlet extracted for 16 h in a dichloromethane/methanol (1:3) mixture. To 
facilitate chromatographic separation and compound identification, the acid fraction was 
derivatised before analysis (GC/MS). A description of the extraction procedure and 
chromatographic conditions used can be found in González-Vila et al. (2003). The observed 
changes in hydrocarbon assemblage, together with the levels and sources of trace metals 
produced by acid mine drainage from the Iberian Pyrite Belt within the Holocene-
Anthropocene are discussed in terms of possible variations in the planktonic and terrigenous 
supply, which could be attributed to the evolution of the circulation pattern in the estuary and 
to vegetation cover and anthropic influence within the Guadiana drainage basin. 
Human activities are especially evident in the area from 4.5 kyr (the beginning of the 
Copper Age), with anthropogenic sources of metal fluxes prevailing over natural sources 
(especially Pb, Co, Ni, and Mn, and, to a lesser extent, Zn, Cu, and Ni). Mining activities 
became particularly intensive between the late Bronze Age and the Roman period (3-1.5 kyr), 
when the highest metal enrichment factors respect to the natural sources were recorded: EFPb≈ 
2,EFCd> 10, EFCr≈ 2, EFCu≈ 3, EFZn= 1.4. This study reveals the utility of postglacial 
sedimentary records for reconstructing historical changes in regional water-sediment quality 
and separating natural and anthropogenic sources of geochemical contaminants. 
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  Hydrocarbon generation is an endothermic volume expansion reaction, in which 
kerogen is converted into modified solid, liquid and gaseous products.  The nature of this 
conversion has been the subject of investigations for forty years, with significant progress 
having been made as regards the relationships between chemical composition of the source 
rock and the amount and phase of product generated.  Much of the progress has arisen from 
the extensive use of laboratory pyrolysis to convert immature source rocks into matured 
source rocks and hydrocarbons, which has resulted in the development of kinetic models to 
predict the time, phase and volume of hydrocarbon generated when used in petroleum system 
modelling.  Although apparently successful in that these models have been widely used to 
study the volumes of generated hydrocarbon in geological basins, all the widely used models 
published to date contain a fundamental flaw as they ignore the control exerted by the system 
environment and specifically the water pressure on the kinetic model.  The generation of 
lower density liquids and gases involves the movement of water away (pV work) from the 
kerogen to create the accommodation space for the hydrocarbons.  Using the hydrocarbon 
volume and pressure increases inside the MSSV vessel, the amount of pV work (which is a 
component of the activation energy) undertaken inside the vessel is small (<1 J) due mainly to 
the presence of vapour inside the vessel, which unlike virtually incompressible water in 
geological basins, can be easily compressed and requires only a small expenditure of energy.   
  The amount of pV work undertaken by oil generation in geological basins was 
calculated from the model for oil volumes and overpressures generated from a type 1 kerogen 
(Guo et al., 2011).  Given the uncertainty about whether overpressure can be produced by oil 
generation, pV work, simulations were undertaken for no overpressure produced by 
hydrocarbon generation, overpressure produced by oil generation (after Guo et al., 2011), 10 
and 30 MPa of basin overpressure arising from other mechanisms than hydrocarbon 
generation (e.g. disequilibrium compaction) but pre-dating the timing of hydrocarbon 
generation, both with and without overpressure produced by hydrocarbon generation. 
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  The results show that compared with the Ea value of 219.24 kJ/mol as used by Guo et 
al. (2011), the Ea values at the peak of oil generation can be increased by between 9 and 41% 
depending on the TOC and conditions used for the simulation, i.e. no overpressure produced 
by oil generation, etc.  The largest increase in the Ea value occurs in the simulation involving 
both overpressure generated by oil generation and 30 MPa of basin overpressure existing 
prior to oil generation.  Increasing the Ea values to accommodate the pV work would 
significantly retard hydrocarbon generation in geological basins.  The current consensus that 
pressure is only a minor control on the rates of hydrocarbon generation is indefensible, both 
from theoretical aspects, and from experimental work undertaken using high water pressure 
pyrolysis at 350 oC which shows that as the water pressure increases, so the volumes of gas 
generation decrease (see Uguna et al. 2012).  This reduction in hydrocarbon generation at 
high pressure is due to the absence of sufficient thermal energy at 350 oC in the source rock to 
undertake the amount of mechanical (pV) work required to accommodate the same 
hydrocarbons generated at lower pressures.    
  The inclusion of pressure into the kinetic models used in petroleum system modelling 
will have some consequences.  The first is that it should become possible to use the same 
thermal histories as used by the tectonic history modellers (Uguna et al., 2012), although 
modified thermal modelling equations will be required.  It never seems to have occurred to 
petroleum system modellers, that a reaction such as hydrocarbon generation is endothermic, 
which means that thermal energy is converted into enthalpy, i..e. a source rock is cooled by 
hydrocarbon generation.  The rarity of source rocks in geological basins will mean that this 
effect is probably not significant for petroleum generation unless the source rocks are 
extremely thick or generating hydrocarbons rapidly.  However, as clay minerals also change 
via endothermic reactions, and given the considerable volume of clay minerals in a basin, 
such reactions are potentially going to have a significant effect on the temperature distribution.  
Clearly much more work on this topic is required. 
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Palaeo-geothermal gradient reconstruction is a worldwide difficulty due to the 
hardness of restoring erosion thickness. The conventional thermal quantification employs a 
forward technique by presuming a series of thermal process and modelling palaeo-
temperature indicators such as vitrinite reflectance and apatite fission track in combination 
with burial history to determine the most likely thermal history. 
In this paper, by measuring inner pressure of gas inclusions and coeval 
homogenization temperature (Th) in combination with burial history, we propose a new 
method for reconstructing palaeo-geothermal gradients and heat-flow. The method has been 
used to reconstruct palaeo-heatflow evolution in the Xujiaweizi fault depression in the 
northern Songliao Basin. 
Seitz et al. (1996) suggested that for a gas inclusion with single component, the peak 
position on the Laser Raman spectra is a function of inner gas pressure. The inner pressure of 
a gas inclusion thus can be determined from a series of gas inclusions with single component.  
Volcanic samples of well Weishen 5 contain three phases of fluid inclusions and they 
occur in the inner side of quartz outgrowth, along the quartz outgrowth and micro-fractures 
across the quartz particle, respectively. Each phase contains both gas and aqueous inclusions. 
Gas inclusions in these fluid inclusions contain pure methane and their peak positions on the 
Laser Raman spectra are 2913.75 cm-1, 2913.41 cm-1 and 2912.83 cm-1, respectively with 
respect to the three phases. The corresponding homogenization temperatures (Th) are 
120.75°C, 127.33°C and 136.70°C, respectively. Under the experimental conditions of 20°C, 
the inner gas pressures of the three phases were therefore determined as 12.6MPa, 14.4MPa 
and 17.8MPa, respectively, according to the relationship proposed by Seitz et al. (1996) 
between peak position and pressure of methane inclusion (Fig. 1). Gases in the inclusion were 
roughly assumed as an ideal gas and charge pressures during gas accumulation were then 
estimated as 16.9MPa, 19.7MPa and 24.9MPa, respectively, according to the ideal gas 
equation. Assuming a unit of pressure coefficient during gas accumulation, the corresponding 
gas charging depths were 1690m, 1970m and 2490m, respectively.  
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The burial history of well Weishen 5 suggested that the three phases of fluid 
inclusions were formed at ca. 96.0Ma, 85.5Ma and 76.0Ma. During these periods, a large lake 
was developed with planktonic flourish and the surface temperature was 10°C that is higher 
than present value of 4°C. Assuming the depth of constant zone of subsurface temperature as 
50m, the paleo-geothermal gradients at 96.0Ma, 85.5Ma and 76.0Ma were 6.74°C/100m, 
6.12°C/100m and 5.19°C/100m, respectively. And the corresponding palaeo-heatflows were 
2.51HFU, 2.33HFU and 2.07HFU, respectively. It is obvious that the paleo-geothermal 
gradients and heat-flow values are higher that present values which are 4°C/100m and 
1.75HFU, respectively. 
Based on fluid inclusion pressure, basin thermal history can be reconstructed directly 
without forward modelling, and thus can give out relatively precise paleo-geothermal 
gradients and heat-flow values. Given enough fluid inclusion samples, a complete relationship 
between palaeo-heatflow and geologic time can be achieved. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Methane peak position vs. pressure of gas inclusions in well Weishen 5 (the trend-
line is after Seitz et al., 1996) 
 
 
 
gas inclusions in the inner side of quartz
gas inclusions along quartz outgrowth 
gas inclusions in micro-fractures across the quartzFig1  
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 379 -
  
THE COMPARISON OF AROMATIC HYDROCARBONS RELEASED BY 
HYDROPYROLYSIS AND BY SOXHLET EXTRACTION FROM SOURCE ROCKS 
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Marine source rocks occur extensively in South China, with high-over maturity and 
low concentration of extractable organic matter (EOM). It is difficult to get enough 
biomarkers by Soxhlet extraction, simple pyrolysis or chemical degradation from high-
overmature source rocks. Compared to Soxhlet extraction, yields of EOM are significantly 
increased by hydropyrolysis (HyPy). The covalently bound biomarkers released by HyPy can 
meet the requirement of instrumental analysis. Previous researches have proved that 
covalently biomarkers in saturated hydrocarbons released by HyPy can represent the original 
organic geochemical information and are useful in oil-source correlation and source rock 
characterization concerning high-overmature source rocks. However, aromatic hydrocarbons 
are dominant constituents in hydropyrolysates, especially at high-over mature stage. The 
information from aromatic hydrocarbons in hydropyrolysates should be paid more attention. 
Therefore the Permian Dalong Formation (P2d) source rocks from the mature Guangyuan 
outcrop section (GY series, 0.5%≤Ro ≤0.7%) and the overmature Wangcang outcrop section  
(WC series, 1.8%≤Ro ≤2.4%) in Sichuan Basin were selected. The Soxhlet extraction and 
kerogen catalytic HyPy were conducted on the P2d source rocks. The aromatic hydrocarbons 
obtained by both methods were compared to discuss their difference.  
The TIC (Total ion chromatogram) of the aromatic hydrocarbons obtained by Soxhlet 
extraction and HyPy from the P2d source rocks are shown in Figure1. In Soxhlet extraction, 
the bicyclic aromatic hydrocarbons including naphthalene and biphenyl are very low in the 
WC series, but they are abundant in the GY series. The three-ring aromatic hydrocarbons, 
such as phenanthrene and methylphenanthrene, are the major constituents in all samples. The 
triaromatic steroids (belong to four- and five- ring aromatic hydrocarbons) can be detected in 
the GY series, but they are not detected in the WC series. Generally, the relative abundances 
of aromatic steranes are high in low mature source rocks, and they will sharply decrease with 
the increasing maturity. Therefore, the differences in the aromatic hydrocarbon characteristics 
between the GY series and the WC series can be attributed to the difference of maturity. 
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The TIC of aromatic hydrocarbons in hydropyrolysates between the GY series and the 
WC series are similar (Figure.1). Both of the GY series and the WC series are full of bicyclic 
aromatic hydrocarbons. Meanwhile, four- and five- ring aromatic hydrocarbons still exist in 
the hydropyrolysates of overmature source rocks from the WC series. The possible reason is 
that the covalently aromatic hydrocarbons released by HyPy from Kerogen were protected by 
the macromolecular structure from thermal maturation and biodegradation. The quantitative 
analysis and the measurment of carbon isotope signature will be conducted to further discuss 
the change mechanism of aromatic hydrocarbons with the increasing maturity. The original 
aromatic hydrocarbons incorporated into kerogen is not the only predecessor of covalently 
aromatic hydrocarbons. The aromatization of covalently saturated hydrocarbons is also 
another important potential source. Therefore, the generation and transformation of covalently 
aromatic hydrocarbons need to be discussed more carefully. 
 
Figure.1 The TIC of aromatic hydrocarbons from Soxhlet extracts and Hydropyrolysates. 
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Although various diamondoid indices have been constructed and applied in the field of 
petroleum geochemistry since adamantane (the simplest diamondoid) was first discovered in 
petroleum in 1933, the origin of diamondoids is still unclear. Laboratory pyrolysis 
experiments have demonstrated that lower diamondoids can be generated from immature 
sedimentary rocks and peats (Wei et al., 2006b; Wei et al., 2007), kerogen (Gordadze, 2002), 
crude oils (Fang et al., 2012). In addition, it has been found that lower diamondoids can be 
destroyed at higher temperatures (Wei et al., 2006a; Fang et al., 2012). 
This study investigates the origin and evolution of adamantanes and diamantanes in 
petroleum, based on the results of pyrolysis experiments on different group components of 
crude oil and quantitative analyses of diamondoids in their pyrolysates (Fig. 1). Results show 
that the formation and evolution of lower diamondoids in petroleum occurs in three main 
stages: (1) early generation during the formation of oil (< ca. 0.8−1.0% EasyRo), (2) 
generation during the cracking of oil (>1.0% EasyRo), and (3) destruction during the late 
period of oil cracking. The lower diamondoids that formed during the early generation stage 
include free diamondoids present in the original oil and diamondoids released or transformed 
from group fractions of oil at relatively low levels of maturity (< ca. 0.8−1.0% EasyRo). 
During the process of oil cracking, all four group fractions (saturated, aromatic, resin, and 
asphaltene fractions) can produce adamantanes and diamantanes. Overall, adamantanes are 
generated primarily within the maturity range 1.0−2.3% EasyRo, and diamantanes within the 
maturity range 1.6−2.7% EasyRo. Group composition of the oil is probably a major factor 
controlling the yield and distribution of diamondoids in the main generation stage. The yield 
ratio of diamondoids can be used as a maturity index to assess the thermal maturity of oil, 
while the isomerization ratio of diamondoids is a potential source facies index for the 
generation stage of diamondoids. The destruction of diamondoids is observed at thermal 
maturity ranges > 2.3% EasyRo in adamantanes and > 2.7% EasyRo in diamantanes. The 
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thermal stability of diamondoid compounds becomes a critical factor influencing the 
isomerization index of diamondoids during the destruction stage. The isomerization ratios of 
some diamondoids (e.g., MAI, DMAI-1, DMAI-2, TMAI-1, TMAI-2, and EAI) are well 
correlated with maturity within certain maturity ranges, indicating that isomerization indices 
provide good estimates of the thermal maturity of highly cracked oils. Bivariate diagrams of 
concentration versus isomerization indices of diamondoids are introduced to assess the 
maturity of oils; these diagrams provide more refined maturity assessments over a wider 
range of maturities than are available from single diamondoid parameters only. 
 
Figure 1.  Variation in the yields (μg/g group fraction) of diamondoids generated by different 
group fractions in the Tarim oil with EasyRo (%). (a) adamantanes, (b) diamantanes. 
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The problem of secondary migration is a hardy perennial, yet no consensus has been 
reached on the mechanism. Here, I review existing mechanisms and propose a new one. 
From the earliest days, the favoured mechanism has been migration of petroleum as a 
separate continuous phase. This immediately presents problems: droplets have insufficient 
buoyancy to overcome capillary entry pressures of carrier beds, so they have to coalesce 
(how?) into long continuous phase segments, called slugs or stringers, to overcome these 
entry pressures. But, there is a lack of supporting evidence of: 
 Petroleum stringers of the necessary length (10’s of meters) and thickness (meters) 
 Stringers waiting for take-off on top of source rocks or at permeability boundaries 
 Residual petroleum saturations in the wake of stringers, according to capillarity theory 
 Differences in the ease of migration for different petroleum types 
The opposite end-member model of migration in water solution was also found to be 
inadequate, because of the low solubilities and diffusion rates of petroleum. Flowing water 
was then invoked but this is generally too slow and wholesale convection of pore water is 
denied by stratified water chemistry. Then, migration of petroleum in higher concentrations in 
water was called upon in the form of colloids or emulsions, but unfeasibly large soap-
hydrocarbon ratios seemed to be required. However, the attractive feature of this hypothesis 
was that these microdroplets could pass through pore-throats without capillary impediment; 
this was supported by experiments half a century ago. 
In spite of the difficulties of migration of petroleum in its own  continuous phase, this 
hypothesis persisted and mysteriously became “well-established” in the petroleum literature 
by the late 1970’s and 1980’s (e.g. Berg, 1975; Schowalter, 1979; England et al., 1987). The 
only grievance seemed to be its computationally slow use of Darcy’s law, so faster 
computational methods were introduced, such as invasion percolation that make even less 
well-supported assumptions, e.g., treating viscous forces as negligible! 
In view of the difficulties posed by all the mechanisms outlined above, the potential 
for migration of petroleum in colloidal dispersions was re-examined. It is proposed that in the 
early stages of secondary migration, petroleum forms metastable colloids with petroleum 
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clusters ~ 10 nm in size. In the latter stages, a bidisperse colloid forms with the addition of 
microdroplets in the size range ~ 1-10 microns. The implications of this hypothesis are: 
1) Cluster formation occurs in the metastable region between solution and exsolution and 
does not require solubilizers or emulsifiers. 
2) There are no capillary constraints, so the ratio of viscous to capillary forces (the 
Capillary Number) is essentially infinite.  
3) Brownian motion of clusters assists their movement through pore throats, and, with 
gravity, creates a zone of supersaturation (~ 1 m thick) at the top of carrier beds  
4) The ratio of the Stokesian flux of petroleum clusters to the Darcy flux of a continuous 
phase is proportional to the ratio of the kinematic viscosities of petroleum and water: 
w
o
do
sc
J
J

 . 
Water is generally less viscous than petroleum, so o > w or o >> w. Thus, the flux 
of petroleum in clusters is generally (much) faster than continuous phase flow. 
5) The mechanism works similarly for all types of petroleum, because the constraining 
viscosity is that of water rather than highly variable petroleum. 
6) The potential ranges of velocities and fluxes with this mechanism are very great. The 
size of clusters and microdroplets varies by about three orders of magnitude, so their 
velocities vary by about six orders (~ cm/yr to ~10 km/yr!), according to Stokes’ Law. 
7) The mechanism is self-adjusting. If the migration of clusters lags behind the petroleum 
influxes anywhere in the migration network, the supersaturation of petroleum in the 
pore water increases, causing the clusters to enlarge and speed up, and v.v.  
8) The mass flow rates are balanced throughout the migration system, so petroleum does 
not accumulate anywhere except in the trap; mass continuity is satisfied automatically. 
9) In spite of the all-important role of clusters and microdroplets in this mechanism, their 
volume fraction in the pores is relatively small (generally ~ 0.001 or less).  
10) Virtually no residual petroleum remains along migration pathways; the mechanism is 
very highly efficient (~100%).  
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Simulation of oil formation and its subsequent evolution using thermal and 
thermocatalytic processes are widely used to identify regularities of formation and changes in 
oil compositions during natural processes. Capability of aromatic hydrocarbons to serve as 
evolution indicators of hydrocarbon formations was shown in numerous experiments on 
simulation of oil formation and in the study of rock samples with varying degrees of 
catagenetic transformation as an example. The aim of the study was to estimate the effects of 
thermal and thermocatalytic influences on compositional changes in alkyl aromatic 
hydrocarbons.   
Thermal transformation of oil was carried out in a microautoclave under isothermal 
conditions at 350 0С for 1 hour in a nitrogen atmosphere. Aluminum silicates SiO2:Al2O3 = 
40:1 were used as a catalyst. Oil: catalyst ratio was 1:3 by weight. The oil of methane type 
with a typical distribution of terpanes and steranes was used as an object under study. 
Thermolysis without any additives yields significant amount of naphthenic compounds, the 
presence of which is indicated by a “naphthenic hump” on a chromatogram, identified in a 
high-molecular region. Thermolysis in the presence of aluminum silicates leads to almost 
complete degradation of normal alkanes.   
 In the products of oil thermolysis without any additive as well as in the initial oil 
homologues С12-С26-30 compose homologues series of n-alkylbenzenes and 
methylalkylbenzene isomers (MAB). A naphthenic hump was registered on a chromatogram 
in elution region of thermolysate alkylbenzenes higher С24. Distribution of methylalkyl 
benzenes on concentrations in the products of thermolysis without any additive remained the 
same as in the initial oil: ortho > meta > para. However, the thermolysate has rather a higher 
content of more thermodynamically stable meta- and para-MAB isomers as compared with 
ortho-MAB. The products of the thermolysis, carried out in the presence of aluminum 
silicates, contained no alkylbenzenes.   
The content of holonecleous naphthalene (Nph) in oil thermolysate without any additive 
sharply increases, the amount of methylnaphthalenes (MN) and total content of 
dimethylnaphthalenes (DMN) considerably increase, whereas the contents of trimethyl 
(ТМN) and tetramethyl-(ТеМN) decrease as compare with the initial oil. In the initial oil and 
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in the thermolysate without any additive methyl-naphthalene ratio MNR = [2-mn / 1-mn] is 
1.4. The ration of dimethyl-naphthalene transformation DNR2 = [(2,6- + 2,7-)dmn / 1,5- dmn] 
in the initial oil is 1.4 and in the thermolysate – 1.6. The value of trimethyl-naphthalene ratio 
TNR6=[(1,3,7- + 1,3,6-) tmn  / (1,2,5- + 1,2,7-) tmn] increases from 1.4 in the initial oil to 1.9 
in the thermolysate without any additive.  
In the products of thermolysis with aluminum silicates the content of the most 
thermodynamically stable isomers 2-mn (-isomer), 2,6- and 2,7-dmn (,-isomer) and 2,3,6- 
tmn ( (-,-,-isomer) sharply increases. MNR value is equal to 4.7. The concentration of 
,- isomers (2,7- and 2,6- dmn) is maximal among DMN. DNR2 value increases up to 10.7. 
The content of 2,3,6- (-, -, -) tmn predominates over that of other TMN isomers. TNR6 
value is 6.0.  
In the products of thermolysis with aluminum silicates the amount of holonucleus 
phenanthrene sharply decreases as compare with the initial oil and thermolysate without 
additive, indicating that alkylation proceeds under these conditions. In the products of 
thermolysis with aluminum silicates total content of β-methyl isomers increases as compared 
with α-isomers. As well the thermal influence changes the ratio of individual β- and α-isomers 
– the content of 2-MPh predominates over that of 3-MPh and the content of 1-MPh is higher 
than that of 9-MPh. The values of the ratio of a degree of alkylphenanthrene transformation in 
the products of oil thermolysis with aluminum silicates are higher than those in the 
thermolysates without additive, indicating more intensive reactions of isomerization, 
alkylation and dealkylation.    
Based on the laboratory simulation we have determined that thermal influence promotes 
the increase in the contents of the more thermodynamically stable meta- and para- MAB-
isomers, β-isomers of alkyl-naphthalenes and alkyl-phenanthrenes. The increase in the values 
of geochemical parameters, calculated by the compositions of alkylarenes in the series: initial 
oil – thermolysate without additive – thermolysate with aluminum silicates, indicates that 
these parameters can be used to assess a transformation degree. 
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In geological basins, hydrocarbon (gas and oil) generation and source rock maturation 
occur under water saturated conditions, with the water being either hydrostatically pressured 
or over-pressured.  Despite the existence of high water pressure in geological basins, the 
geochemical models currently used to predict hydrocarbon generation and source rock 
maturation assume that temperature and geological time are the only controlling parameters, 
with pressure being considered to have no effect.  This resulted from low pressure laboratory 
pyrolysis studies such as Rock Eval (open system pyrolysis), MSSV (close system pyrolysis 
with the vessel containing sample and inert vapour) or hydrous pyrolysis (closed system 
pyrolysis under water, sample and inert vapour mixtures conditions) used to generate these 
models.  However, it has been noted previously that under high pressure hydrous pyrolysis 
conditions, liquid hydrocarbon generation and source rock maturation as measured by 
residual rock HI was retarded (e.g. Landais et al., 1994; Michels et al 1995).  In addition we 
have recently demonstrated that hydrocarbon gas yield and vitrinite reflectance (VR) were 
retarded by 55% and 0.l5% Ro respectively at 900 bar water pressure compared to 175 bar 
hydrous conditions for type III coals pyrolysed at 350°C for 24 hrs (Uguna et al., 2012).  To 
assess if the influence of water pressure on hydrocarbon (gas and oil) generation and source 
rock maturation observed for type III will be the same for type II source rocks, pyrolysis 
studies were conducted on immature oil prone type II source rocks (Kimmeridge Clay and 
Monterey shale) at 350°C for 6-24 hrs in the pressure range of 180-900 bar.    
Figure 1 shows the change in gas and oil yield between 6 and 24 hrs with increasing 
pressure for the Kimmeridge Clay formation (KCF) source rock.  At 6 hrs the KCF source 
rock had not started generating oil, however the gas (for 6-24 hrs) and expelled oil (for 12 
and 24 hrs) yields reached a maximum at 180 bar and progressively decreased to 900 bar, 
with the 900 bar gas and oil yields being about 50% less than the 180 bar yield at 24 hrs 
(peak of oil generation).     
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Figure 1. Gas and expelled oil yields for Kimmeridge Clay pyrolysis at 350oC. 
 
The VR was also maximum at the peak of oil generation (24 hrs) at 180 bar (0.85% 
Ro) and decreased by 0.25% Ro to 0.60% Ro at 900 bar.  The Monterey shale gas, expelled 
oil and VR results show the same trends as for the KCF source rock.  The huge decrease in 
gas and expelled oil yield and the VR observed with an increase in water pressure for both 
source rocks indicate that high water pressure significantly retards hydrocarbon generation 
and source rock maturation in the early stages of the oil generating window. 
The implications from this study are that in geological basins, pressure, temperature 
and time will all exert significant control on the extent of the early stages of hydrocarbon 
generation and source rock maturation.  Temperatures in geological basins are much lower 
than 350°C and the pressures (regardless of whether overpressure is present) can be much 
higher than the 900 bar used in this study, indicating that the retardation effect of pressure 
could be more significant than in the results from this study. 
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Geological basins exist under saturated high water pressure conditions, with source 
rock/kerogen, bitumen, and mineral matter all in close contact.  Therefore pressure, source 
rock/kerogen, bitumen and mineral matter should all play a significant role during 
hydrocarbon generation and maturation reactions.  It is well documented from pyrolysis 
studies that hydrocarbon generation and cracking, and source rock maturation can be 
enhanced in the presence of minerals (Huizinga et al., 1987; Goodarzi et al., 1988; Pan et al., 
2008).  However, how the presence of bitumen or oil in source rock/kerogen can influence 
hydrocarbon generation and source rock maturation in geological basins is not well 
understood.  In order to ascertain whether a source rock containing early generated bitumen or 
oil has an effect on gas generation and source rock maturation at a later maturation stage, 
hydrous pyrolysis  has been conducted on an immature type II Kimmeridge Clay formation 
source rock.  These results were then compared with the  situation where the source rock do 
not contain trapped bitumen or oil due to early oil expulsion, which was also conducted on the 
isolated partially matured type II Kimmerdige Clay formation source rock in which bitumen 
was first generated and extracted from the initial rock.  Hydrous pyrolysis experiments were 
conducted on the initial whole rock, the isolated partially matured bitumen-extracted source 
rock and the isolated bitumen (bitumen generated and extracted from the initial rock) at 350 
and 420°C for 24 hrs in the pressure range of 180-900 bar.    
Figure 1 presents the gas yields generated as a function of pressure, and also compares 
the whole rock gas yields with those for isolated partially matured source rock and isolated 
bitumen pyrolysis combined at 350°C.  The gas yields and VR were always higher at both 
350 and 420°C for the whole rock, with the whole rock generating about 50% more gas on 
average than the combined yields for partially matured source rock and bitumen pyrolysis in 
isolation under identical pressure at 350°C.  The gas yield was highest at 180 bar and 
decreased significantly with increase in pressure to 500 and 900 bar for both the whole rock 
and isolation (partially matured source rock and bitumen pyrolysis) experiments at 350°C, 
with no pressure effect observed at 420°C.     
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Figure 1. C1-C4 gas yields for pyrolysis at 350oC for 24 hrs. 
 
The VR obtained for the whole rock pyrolysis were 1.50% Ro and 2.12% Ro at 180 
bar (350°C) and 310 bar (420°C) respectively, and decreased at 900 bar to 0.55% Ro and 
1.47% Ro at 350°C and 420°C respectively.  The HI from the isolated partially matured rock 
pyrolysis residue increased with pressure increase at 350°C, and the VR also decreased with 
pressure increase at 350 and 420°C as observed for the whole rock.  The higher gas yield and 
VR obtained for whole rock in comparison to source rock maturation and bitumen cracking in 
isolation, indicates that source rocks containing trapped bitumen or oil will certainly generate 
more gas and consequently attain higher maturity at later stages of maturation. 
The conclusion from this study is that the enhanced gas generation and source rock 
maturation observed for whole rock, together with the retardation of gas generation and VR 
observed at high water pressure demonstrates that interaction between bitumen, source 
rock/kerogen and mineral matter, and pressure are key factors in determining the extent of 
hydrocarbon generation and source rock maturation in geological basins.      
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The amount of oil generated and expelled from source rocks is very important for 
determining the ultimate oil potential of a petroleum system. In order to understand oil 
generation and migration, a series of hydrous pyrolysis experiments of marine marl with low 
organic matter abundance under different fluid pressure were carried out (Fig.1). The results 
indicated that the peak time of hydrocarbon’s generation and expulsion was around 310 
when the pressure was 10MPa, and the corresponding oil yield were 193.4 mg/gTOC and 
182.5 mg/gTOC respectively. However, the source rock reached its generation and expulsion 
peak at 330 under the condition of 20MPa pressure while the biggest oil yield were 
111.4mg/gTOC and 92.1 mg/gTOC. By comparison, it could be found that the increase of 
pressure repressed the thermal evolution of organic materials, and it also enlarged the 
effective time of hydrocarbon discharge of source rocks, postponed the major period of 
hydrocarbon discharge.  
In addition, the amount of liquid hydrocarbons remained in natural source rocks after 
expulsion is analyzed to assess the above results by using data obtained from Rock-Eval 
pyrolysis, while the parameter S1 can approximatively represent the amount of free 
hydrocarbons in samples. In this study, thousands of data are collected from Tarim Basin and 
Bohai Bay Basin. And the result shows that the amount of retained liquid hydrocarbon in 
“liquid window” stage has an “enrichment” peak, which indicates that within liquid window 
the source rocks still contain a fair number of liquid hydrocarbons after expulsion. Then the 
amount of retained hydrocarbons decreases greatly in high to over mature stage, which 
indicates the retained hydrocarbons experience secondary cracking and expulsion (Jarvie et al., 
2007). Based on the simulation experiment, the lower limit of retained hydrocarbon to 
generate commercial natural gas is determined as S1=0.1 mg/g (Wang et al., 2009). According 
to this standard, the amount of retained hydrocarbon in oil window is fairly great even after 
expulsion and many samples, not only for terrestrial ones but also for marine ones, still have a 
large amount of retained hydrocarbon. And these hydrocarbons can crack into gas at high 
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maturity. Therefore, the widely distributing marine sequences in China still have great natural 
gas resource even though most of them are at high-over mature stage. 
 
Figure 1. Comparison of yields of each fraction of oils under different pressure 
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The assessment of migration efficiency in general and the quantification of losses 
associated with petroleum migration are crucial parameters required to accurately predict 
volumes of hydrocarbon charge. However, migration efficiency is one of the least understood 
components of hydrocarbon charge. While numerical tools (e.g. full-physics forward 
modeling tools or stochastic modeling tools) are based on a detailed description of the 
geologic parameters and are specific to the prospect or petroleum system being evaluated, 
migration efficiency is considered to be relatively low and is typically applied using analog 
data from a variety of different petroleum systems (Lewan et al., 2002; Katz & Kahle, 1998). 
The objective of the present study is to evaluate migration efficiency and improve our 
understanding of the key factors that control the loss of hydrocarbons during migration. For 
the purpose of this study, migration losses are considered as the difference between in-place 
discovered volumes, which can be obtained from available production data, and expelled 
volumes, which are calculated from a numerical model created for the area of interest. 
Multiple field-scale petroleum systems from a variety of structural and depositional settings 
were selected that are generally well documented. Additionally, the following requirements 
were deemed essential: Well documented source rock properties through direct evidence (well 
data such as TOC, HI, kerogen type, maturity and effective thickness) with proven source 
rock to oil correlations, an established subsurface geological framework including structural 
maps for fetch area calculations, a single liquids-dominant source system and well 
constrained in-place volumetrics. As the cumulative effects of alteration and degradation (e.g. 
biodegradation, water washing, secondary cracking) on petroleum volumes are hard to 
quantify, emphasis was placed on selecting petroleum systems where such effects are 
negligible. For each petroleum system, initial (i.e. prior to generation) source rock properties 
were established, and used as input for the mass balance calculations.  
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The results obtained after considering different sensitivities and establishing base case 
scenarios suggest that migration efficiencies can cover a broad range, and can be significantly 
higher than previously thought. In addition to source rock specific parameters such as TOC 
and HI, factors controlling overall migration pathway effectiveness, such as the distance 
between source rock kitchen and reservoir (lateral and vertical), the complexity of carrier 
system and potential for migration loss (faulting, tortuosity, thief zones, fill and spill, 
remigration) as well as timing relationships between the critical petroleum systems elements 
appear to play an important role in determining the efficiency of migration.  
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       It is clear thattype and  type of kerogen generates oil,  type of organic matter 
generates gas chiefly during their evolution process (Tissot and Welte, 1984; Welhan, 1988), 
but the amount of gases from different types of kerogen, especially fromtype and  type of 
kerogen is cloudy. The aim of the research is to unravel the question.  
       Two kinds of pyrolysis for organic matters (including,  and  type kerogen)  and 
several oils with different density cracking experiments in gold-tube system were conducted. 
One type of pyrolysis is program-heating pyrolysis with 2oC/hr heating rate. Another type of 
pyrolysis is step by step prolysis. Their difference is displayed as figure 1. 
 
Figure 1.  The sketch for the experiment process of two kinds of kerogen pyrolysis 
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         The bulk analysis for the experiment products (including gas, oil, pyrolysis residue) of 
kerogen pyrolysis and oil cracking proved the following results: 
(1) The maturity (Ro) threshold of hydrocarbon generation end for ⅠandⅡ type kerogen is 
not more than 3.0%, whereas, the value for  type kerogen could arrive to 5.5%. 
(2) No matter what the content of TOC inand type source rock is, the quantity of gas from 
kerogen decomposition is not more than 100mg/g.TOC (<140ml/g.TOC), generally.  
(3) The volume of gas generated by  type organic matter could arrive to 300 ml/g.TOC 
when gas generation end approximately at 5.5% Ro. 
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 The Barmer Basin is a late Cretaceous to early Tertiary intra-cratonic rift basin located 
in the western part of Rajasthan, north western India. Sediment thickness exceeds 6 
kilometres in the main rift depocenters and overlies Proterozoic basement. The main phase of 
exploration in this basin began in 2000, when seismic data were acquired over most of the 
basin, with more than 150 exploration and appraisal wells drilled to date. In addition, a large 
amount of data has been collected on source rocks, oils, heat flow measurements and rock 
properties in both wells and from outcrop sections. These data have been incorporated into a 
detailed petroleum systemsanalysis (1) and used in commercial basin modelling software to 
predict charge distributions. 
The regional basin model incorporates gross depositional environment (GDE) maps 
for the main source rock (Barmer Hill Formation), the major reservoirs (Fatehgarh, Dharvi 
Dungar and Thumbli formations) and both intraformational and regional seals. Uplift/erosion 
estimates were calibrated to apatite fission track and vitrinitereflectance data. A regional 3D 
basin model with appropriate thermal scalars was constructed using calibrated 1D models 
across the basin. 
Initially, published lacustrine kerogen kinetics data were used (2, 3) but the model was 
unable to match the known distribution of discovered fields and hydrocarbon volumes in the 
basin. To improve the source rock model, kerogen kinetic data were determined from key 
source rock horizons sampled in representative core material. A single activation energy was 
used in the northern part of the Barmer Basin on the basis of the presence of a distinct 
lacustrine algal kerogen type (Figure 1) whilst for the southern part of the basin a range of 
activation energies were used as a mixture of kerogen types are present in the source rock 
section. The regional 3D migration model derived from these specifickinetics was calibrated 
to the known distribution of discoveries, charge volumes and hydrocarbon shows in the basin. 
The measured source rock kinetics demonstrates that the Barmer Hill Formation is a 
prolific source and has been the main contributor of hydrocarbons in the basin. Source rock 
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characteristics indicate that the northern Barmer Basin is dominated by oil-prone lacustrine 
source facies whilst the southern Barmer Basin contains both oil- and gas-prone facies. The 
use of measured source rock specific kinetics in the Barmer Basin 3D model has provided 
critical insights to the spatio-temporal generation and distribution of migrated hydrocarbons 
which is being used to high rank remaining prospective areas in the basin. 
 
 
 
 
Figure 1. An example maturity map and migration model from a flow path 3D simulation 
result for the Barmer Basin. The maturity map is based on the Barmer Hill Formation source 
rock kinetics and the migration model illustrates one realisation for the northern part of the 
basin. Green is migration path and charge. 
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As ubiquitous inorganic substance in sedimentary basins, water has been suggested to 
affect the organic matters maturation and petroleum generation[1,2]. Though numerous studies 
focused on artificial maturation of organic matters through hydrous pyrolysis, the effects of 
water on gas yields and C and H isotope distributions of hydrocarbon gas are still uncertain. 
In this paper, series of isothermal and non-isothermal pyrolysis involving water and marine 
oils or n-C16 were conducted. By qualification of gas products from hydrous and anhydrous 
pyrolysis involving HD11 oil at 330 oC, 350 oC and 400 oC, it was revealed that the presence 
of water availed the generation of hydrocarbon gas at elevated temperature (> 330 ℃). The 
apparent activation energy for total gas generation from HD11 oil cracking with and without 
water were calculated as 255.2 kJ/mol and 256.2 kJ/mol correspondingly. Meanwhile, the 
interaction between water and hydrocarbons lead to a relative high content of inorganic 
components (CO2 and H2) and alkenes in gas products. This fact imply that the decomposition 
pathway for oils in hydrous conditions may differs much with that in dry condition. Results 
from non-isothermal pyrolysis indicated that the presence of water just lead to a slight 
increase of hydrocarbon gas yields, which differs from we thought. Relatively, the yields 
increase of hydrocarbon gas from normal crude oil cracking is higher than that from light oil 
cracking. Sea water had a more positive role on the yields increase of secondary gas than 
distilled water. Moreover, 13C in hydrocarbon gas was evidently depleted in hydrous 
conditions. The H isotope composition of hydrocarbon gas was dominated by the that of 
water. The presence of distilled water with δD of -128‰ resulted in a obviously depleted D of 
cracking gas, while the presence of sea water with δD of -6.8‰ promoted the enrichment of D 
of hydrocarbon gas.  
In addition, the presence of two minerals, smectite and calcite carbonate, can lead to 
obviously increase of gas yields in hydrous pyrolysis with n-C16. Notably, the carbonate 
seems to be a more effective catalyst for the cracking of n-C16 in water. The 13C in products of 
hydrocarbon gas, especially for CH4 and C2H6, was depleted in pyrolysis with water relative 
to that without water. An enrichment of D for CH4, C2H6 and C3H8 can be evidently observed 
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in hydrous pyrolysis using H2O/D2O and n-C16. The increase of δD for all the hydrocarbon 
gas with the presence of heavy water demonstrates that water has provided hydrogen for 
generation of hydrocarbon gas in hydrous pyrolysis. Moreover, the unique surface acid of 
clay mineral accelerated the decomposition of water and the enrichment of D for hydrocarbon 
gas, though its catalytic effect on yields of gas was lower than the carbonate. 
Apparently, complex interactions between organic and inorganic fluids do exist in 
subsurface, which may be affected by lots of potential factors, such as water chemistry and 
surrounding rocks or minerals. Such interactions can not only dominate the stability of 
hydrocarbons but also the composition and isotope characteristics of cracking gas. 
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Maturity and source assessment anomalies have been observed particularly in 
Tertiary/deltaic oils which have migrated through organic-rich, immature sediments (e.g. 
Thompson & Kennicutt, 1990; Curiale & Bromley, 1996). This study identifies selected 
compounds in a set of crude oils that potentially could be used as migration contamination 
markers and therefore help resolve oil assessment anomalies.  
The occurrence of unsaturated hydrocarbons (olefins) and carboxylic acids in crude 
oils has been previously reported (e.g. Curiale & Frolov, 1998; Jaffe et al., 1988), though 
limited published quantitative data on them exist. In this study, twenty nine apparently non-
biodegraded crude oils from mostly Tertiary deltaic petroleum systems, from four different oil 
provinces were investigated for presence, distribution and abundance of these components. 
 
Figure 1. Partial total ion chromatogram (TIC) of the unsaturated hydrocarbon fraction of a 
Niger Delta crude oil 
Unsaturated hydrocarbons were detected in nearly all of the oils studied, with summed 
concentrations of quantified olefins (n-alkenes, selected sterenes and triterpenes) ranging from 
trace amounts (<5 ppm) up to 200ppm.  They are therefore more common in crude oils than 
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 often assumed. The olefins found in many of these oils were considered to have been 
dissolved from thermally immature, non-source organic-rich sedimentary rocks during 
migration as suggested by: (i) non-correspondence of nC14-C24 carbon number homologues, to 
those of the n-alkanes; (ii) the difference in the Carbon Preference Indices (CPI) and odd/even 
predominance in the linear homologues of most samples; and (iii) the presence of other 
olefins such as diasterenes and hopenes (e.g. ¡Error! No se encuentra el origen de la 
referencia.), characteristic of immature organic matter. 
Linear carboxylic acids and C30-C33 hopanoic acids (HA) were also identified and 
quantified. They showed highly variable isomer distributions for the HA as well as 
differences in concentrations ranging from below detection limits (~0.1ppm) to 120ppm (total 
HA). Summed concentrations of n-acids ranged from trace amounts up to 1,200ppm oil and 
generally varied proportionally with the abundances of HA in most samples. However, there 
was no clear relationship between the concentrations of n-acids and n-alkenes or between total 
measured olefins and total measured carboxylic acids.  Very low amounts of n-acids and HA 
concentrations below detection limits were observed for the North Sea (Jurassic Type II 
sourced) oils in the sample set. The latter were regarded as examples of mature oils which had 
probably not travelled through immature organic-rich rocks during their migration and 
accumulation.  
The results suggest that although low concentrations of both olefins and carboxylic 
acids may be present in non-biodegraded oils, their relatively high abundance in some oils, 
especially Tertiary deltaic oils, can be an indication of the occurrence of migration 
contamination which may also have had an impact on other source and maturity indicating 
biomarker parameters in those oils. 
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Emissions of hydrocarbon-rich fluids from the Cretaceous (Albian) paleoseabed 
occurred in the northern margin of the Basque-Cantabrian Basin (western Pyrenees), 
interpreted as triggered by buried magmatic intrusions and contact metamorphism of organic-
rich units (e.g. Agirrezabala et al., 2013). We present a study of the metamorphic aureole of a 
cropping out magmatic sill in order to both characterize its thermal impact on host organic-
rich mudstones and interpret the possible devolatilization of organic matter.  
The studied mafic sill is 5.0 m thick and intrudes Cretaceous (Albian) deep-water 
deposits of the Black Flysch Group composed of dark grey mudstones interbedded with very 
thin turbidite sandstones and siltstones. Close to the sill rocks constitutes hornfels with 
different metamorphic mineral associations. Structural and stratigraphic data suggest that 
igneous intrusion was emplaced in Late Albian times at a shallow depth. Petrography, XR 
diffraction, vitrinite and bitumen reflectance (%Ro), TOC content, Rock-Eval, Gas 
Chromatography and organic carbon isotope analyses were carried on samples of host 
mudstones distributed in a 9.86 m-thick vertical log (stratigraphic thickness) above the sill. In 
addition, C and O isotopes from carbonate veins inside the intrusion were analyzed.  
The vitrinite reflectance profile furthest the intrusion shows background high values in 
the range  1.40-1.55%. The reflectance values show initial increase at ca. 40% s.t. (percentage 
sill thickness), and they increase progressively up to a maximum of 5.04% at the contact with 
the sill (0.4% s.t.). Identified bitumens in the <40% s.t. zone show progressive increasing of 
the reflectance values from 1.96% at 40% s.t. to 4.97% adjacent to the contact. These 
reflectance values indicate that the contact aureole width is 40 % s.t. This aureole width must 
be considered as a minimum of the original (Albian) width, because it is overlapped by 
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background (high) reflectance values due to regional burial. In the samples closest to the sill 
graphitized particles and coked bitumens are present. 
The TOC values start to decrease progressively from a background level of 1.1% at 
24% s.t. to reach 0.4% at 3% s.t., followed by a value of 0.92% at the sill contact (0.4% s.t.). 
Hence, significant carbon loss has taken place in the samples nearest the intrusion. Rock-Eval 
analysis yields extremely low S1, S2, HI and PC values, and their profiles show a similar 
pattern marked by a progressive lowering tendency in the aureole, relative to distance from 
the sill.  Significant Tmax values denote a temperature increment from a background Tmax of 
ca. 485º at 55% s.t. to 540º at 24% s.t. Rock-Eval results support a high thermal stress in the 
aureole, which increases as the sill is approached. Gas chromatograms of the aliphatic 
hydrocarbon fractions for four samples show a noticeable loss of n-alkanes adjacent to the 
sill, as well as a shift in the carbon number distribution to a predominance of the shorter 
chains length homologues. Similar characteristics have been documented and interpreted as 
result of the thermal stress closest to intrusions. Preliminary data of C isotopes of saturated, 
aromatic and polycyclic hydrocarbon fractions yield similar values at different distances from 
the sill, suggesting no isotopic fractionation due to thermal metamorphism. 
The sill and closest mudstones are crossed by carbonate veins composed of spar 
calcite, saddle dolomite, and mudstone clasts derived from the host unit. C and O isotope 
analysis of carbonates yield mean values of -9.6 ‰ and -8.2 ‰ (VPDB), respectively. Those 
veins are interpreted as fractures or joins formed as consequence of and during the cooling of 
the magmatic rock, followed by carbonate precipitation within the fractures from 
hydrocarbon-rich hot fluids. 
In summary, obtained results indicate that Late Albian emplacement of the studied 
shallow-level magmatic sill developed a metamorphic contact aureole of ca. 40% s.t. 
(minimum) in host organic-rich sediments. Intrusive heating provoked an increased maturity, 
major loss of organic carbon, and generation of hydrocarbons (methane and oil). Part of these 
hydrocarbons participated in the precipitation of vein carbonates within the intrusion.  
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Shallow gas accumulations in the Plio-Pleistocene Eridanos Delta deposits in the 
Dutch offshore are a valuable additional hydrocarbon source, especially if located near 
existing infrastructure. The first economic production from a shallow gas field in the northern 
offshore started in 2007 from the A12-FA field and two others came into production in 2009 
and 2011 (F02a-Pliocene and B13-FA field, respectively, Van den Boogaard and Hoetz, 
2012). Ongoing studies focus on better understanding the shallow gas play. One of the 
requirements for understanding these gas systems concerns understanding the origin of the 
gas. 
Current knowledge on the origin of shallow gas accumulations in the Dutch offshore 
is based on a limited number of publicly available analyses of geochemical and isotopic 
composition of shallow gas accumulations and on seismic indicators of fluid migration paths 
and gas accumulations. Most of the analyses of the geochemical and isotopic composition of 
shallow gas in the northern Dutch offshore show typical characteristics of biogenic gas: the 
gas is very dry and depleted in δ13C. Some analyses, however, indicate that gas from 
thermogenic origins has entered the shallow deposits. 
We used a combination of modeling approaches for simulating the timing of biogenic 
gas generation and identifying the location of the charging areas of biogenic shallow gas in 
the Eridanos Delta deposits. 
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Major oil and gas accumulations require excellent marine source rocks (TOC≥2%). 
However, the evaluation of the hydrocarbon generation and expulsion potential for the 
Paleozoic marine source rocks with the highly maturity to over-maturity in southern China 
has long been disputed, and there have been no applicable evaluation criteria and methods. 
The purpose of this paper is to use ultra-microscopic organic petrology and simulated 
experiments to distinguish marine source rock types and evaluate hydrocarbon generation and 
expulsion efficiency. 
Twenty-three samples were collected from the hydrocarbon reservoirs of the Sichuan 
Basin, sorthwestern China. The Paleozoic marine source rock samples include the Lower 
Cambrian, Silurian, Lower and Upper Permian in age. The geochemical characteristics of the 
samples with high-over mature marine source rocks have TOC ranges from 2.63% to 14.95%, 
with mainly type II kerogen. The mineral composition (% quartz, calcite, dolomite and clay 
minerals) were determined by whole rock X-ray diffraction, scanning electron microscope 
and energy spectrum. Immature or low-mature marine Type II kerogen samples of the 
Devonian age (from Yunan province) were pyrolyzed using closed system hydrous pyrolysis 
of the DK-ⅡSimulator to evaluate hydrocarbon generation and expulsion efficiency for 
excellent source rocks. 
The results show that excellent source rocks can be divided into three types: siliceous, 
carbonate and clay according to their mineral composition. Siliceous source rock：organic 
matter accompanied with the siliceous is the most important occurrence in southern marine 
source rocks; carbonate source rock: organic matter accompanied with calcium in some 
marine source samples of the sequence of Permian rocks; clay source rock: some organic 
matter accompanied by clay or wrapped clay particles or parcels of bioclastic silica and 
calcium symbiosis. 
Simulated experiments result shows: each type of source rock has different relative 
hydrocarbon expulsion efficiencies in the stage of early-middle oil window, where siliceous 
source rock has the highest oil expulsion efficiency and oil expulsion quantity, reach 50%, 
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and the expelled products are dominated by heavy oil. This is followed by calcareous source 
rock, about 30%. The clay source rock oil expulsion efficiency is lowest, about 4%～11%. 
During the late maturation stage, siliceous source rock tends to achieve the highest expulsion 
efficiency first, followed by calcareous source rock and then clay source rock. The clay 
source rock expulsion efficiency is rapid, increasing from 20% to 90% in the over-maturation 
stage; this is because more oil was absorbed in clay rock relative to siliceous or carbonate 
rock. The models of hydrocarbon generation and expulsion of three types of excellent source 
rock is different in the stage of early-middle oil window. 
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Thermal decomposition of siderite (iron carbonate) in the presence of water was first 
demonstrated by McCollom (2003) to produce a number of organic products. However 
previous studies have not been concerned with the isotopic composition of the products which 
has been undertaken in this study. The thermal decomposition of siderite can be expressed as: 
12FeCO3 → 3Fe3O4 + 12CO2 + 3Fe → 4Fe3O4 + 8CO2 + 4CO 
Once water and carbon monoxide are present together the water-gas shift reaction 
(WGS) can proceed producing hydrogen with magnetite acting as the catalyst for the reaction 
CO + H2O → H2 + CO2 
Under suitable conditions and catalysts such as magnetite the formation of organic 
compounds can proceed via Fischer-Tropsch type synthesis (FTT) 
CO + H2 → H2O + Corg. 
Siderite was synthesised using a method adapted from Gamsjäger & Reiterer (1979). 
A 40 ml aqueous solution of 0.01M HCl, 0.4M FeCl2, and 0.4M urea was sealed in a 75 ml 
Parr reaction vessel and pressurised to 5 MPa with CO2 and heated to 150 °C for 24 hours. 
The production of siderite was confirmed by XRD and was light brown material with 
rhombohedral crystals with a typical size of 50 μm. 
To a 25 ml Parr reaction vessel 1.5 g of siderite was added along with 50, 500 or 5000 
μl of deionised water. The vessel was purged with helium and pressurised to 0.5 MPa and 
heated to 300 °C and held at this temperature for 72 hours. Once the vessel had cooled to 
room temperature the gas within the vessel was collected for analysis by gas chromatography-
flame ionisation detector (GC-FID) and gas chromatography-isotope ratio mass spectrometry 
(GC-IRMS). 
The main gaseous products produced in the presence of water (hydrogen was not 
measured) were CO2, CO and CH4 respectively. Organic products were detected up to 
pentane and the concentrations rapidly decrease with carbon number. The experiment 
conducted with 500 μl of water produced the most organic products approximately 0.5 mg of 
methane was produced per gram of siderite. The experiment conducted with 5000 μl of water 
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produced very low levels of organic products. It should be noted that for both the 50 and 
500μl experiments the water will of been all in the vapour phase; whereas the experiment with 
5000 μl of water only ~40% of the water will be in the vapour phase and the siderite will be 
submerged in liquid water, by definition this experiment can be referred to as hydrous 
pyrolysis. 
At the end of the experiments the ratio of CO to CO2 was 11.5 and 88.8% respectively 
for the experiment conducted with 50 μl of water and 3.2 and 96.8% respectively for the 
experiment conducted with 500 μl of water. The isotopic (δ13C) composition of the starting 
siderite was -48.9‰ and for the CO, CO2 and CH4 at the end of the 50 μl experiment was -
71.6, -48.4 and –80.6‰ respectively at the end of the 500 μl experiment was -72.3, -49.5 and 
–81.8‰ respectively. The value for ΔCCO-CO2 of approximately -23‰ indicate that CO and 
CO2 are not at equilibrium (ΔCCO-CO2 would be -30.2‰ at equilibrium at 300 °C). 
Siderite was also subjected to anhydrous heating in a Parr reaction vessel as well as 
flash heating in helium. Gaseous products of flash heating at 1000 °C were CO and CO2 in the 
proportions of 13 and 87% respectively. The isotopic (δ13C) composition of the starting 
siderite was -48.9‰ and for the CO and CO2 after flash heating was -63.7 and –47.7‰ 
respectively with a ΔCCO-CO2 of -16.0‰, which was slightly less than observed for anhydrous 
decomposition in the Parr reaction vessel. Experiments were also conducted to investigate the 
carbon isotope fractionation during the water-gas shift reaction and Fischer-Tropsch type 
synthesis. 
From the experiments conducted it appears that fractionation occurs during thermal 
decomposition of siderite, the water-gas shift reaction, CO-CO2 equilibration and organic 
synthesis. This results in the organic products being significantly depleted in 13C compared to 
the starting siderite. 
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To study the formation of organic acid salts in marine carbonate and its hydrocarbon 
generation characteristics in marine strata, simulated experiments of reaction of acetic acid 
and stearic acid with calciumcarbonate and hydrocarbon generation simulated experiment of 
calcium carbonate were conducted.  
Results showed that the morphology of reaction product of calcium carbonate with 
acetic acid is different from that of calcium carbonate, and the X-ray difraction (XRD), raman 
and Fourier Transform Infrared spectroscopy (FTIR) characteristics are also different from that of 
calcium carbonate, while same as that of calcium acetate. The morphology of reaction product 
of calcium carbonate with stearate acid is similar with calcium carbonate, and XRD, raman 
and FTIR curves show some characteristics of calcium stearate with some features of calcium 
carbonate. No matter short chain organic acid or long chain organic acid could react with 
calcium carbonate, forming organic acid salts. However, reaction type is different between 
short chain organic acid and long chain acid. Due to acidity of acetic acid is relative strong, it 
can dissolve calcium carbonate. While acidity of stearate acid is relative weak, it adsorbs on 
the surface of calcium carbonate, forming salt with coordination bond. 
Hydrocarbon generation simulated experiment results of calcium carbonate showed 
that there are one peak of liquid hydrocarbon generation at 375°C and one peak of gaseous 
hydrocarbon generation at 500°C, with total hydrocarbon generation up to 495kg/tc. Organic 
acid salts are characterized by generation gaseous hydrocarbon at high temperature by 
cracking. 
Since much stable than organic acid and hydrocarbon, organic acid salts crack at 
higher temperature, thus being an import hydrocarbon source in high mature marine 
carbonates rocks strata. Organic acid salts occur dispersedly in marine carbonate strata, which 
have great influence on hydrocarbon generation rate and process of carbonate source rocks. 
Study on the formation, quantity and hydrocarbon generation characteristics of organic acid 
salts in different evolution stages have important significance on carbonate evolution pattern 
study, carbonate source rocks evaluation. 
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During the past decade the interest in a more detailed understanding of processes 
during gas and oil formation has been spurred by growing importance of gas and oil from 
unconventional reservoirs, e.g. shale gas and shale oil as well as deep basin-centered gas. In 
addition to the classical view of mainly first-order reactions for the inorganic formation of 
hydrocarbon gases by thermal cracking of bitumen or kerogen, several researchers have put 
forward avenues to explain some not accounted for observations in hydrocarbon occurrences, 
molecular or isotopic compositions. These hypotheses always include a geologic component 
not considered in most kerogen/bitumen pyrolysis studies: The presence and role of water 
(Lewan, 1997), the possible catalytic activity of mineral surfaces (Mango et al., 1994), the 
importance of metals in aqueous fluids, the metastable equilibria of hydrocarbons and more 
oxidized organic compounds in pore-fluids in the subsurface – and the role of minerals as part 
of pore-fluid redox- or pH-buffers (Seewald, 1994; Helgeson et al., 2009).  
Therefore a broad study to produce a consistent data set of HC formation rates and 
elemental transfer reactions in the gas-fluid-rock system from experiments with a selection of 
source rocks at elevated pressures and temperatures is ongoing at the BGR within the context 
of a project investigating shale gas and oil formation. With a combination of different 
experimental facilities for maturation of organic matter from small gold capsules to Dickson-
type flexible gold-titanium cells in high-pressure reactors to large diameter high pressure 
reactors for heating/expulsion tests on core material several key questions are being addressed. 
The experiments with source rock material of natural maturity series allowed the 
detailed comparison of effects of natural medium-temperature/high-pressure maturation in the 
sedimentary basin to artificial high-temperature/high-pressure maturation in the lab. 
Interestingly, a clear depiction of the predominance of different processes – e.g. thermal 
cracking, oxidation reactions to less reduced organic compounds, dehydrogenation by 
cyclization and aromatization - is visible in the data sets. The comparison of sets of 
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experiments with the identical amounts of source rock material with/without the admixture of 
different mineral standards – e.g. carbonate, pyrite, montmorillonite – yielded clues about the 
role of certain mineral surfaces for catalytic oxidation/dehydrogenation/hydrogenation and 
fluid buffering. Using organic model compounds with 13C- and D-isotope labels added to the 
source rocks clearly identified pathways of hydrocarbon gas formation – and the concomitant 
production of more oxidized organic compounds.  
Experiments using identical amounts of source rock material with addition of either 
H2O, D2O or H218O allowed the unambiguous quantification of hydrogen and oxygen transfer 
reactions from water – and minerals – to the organic reaction products and facilitated the 
identification of mineral transformation reactions during the experiments. Similar experiments 
with 34S-label and D2O point to different pathways of sulphur incorporation into organic 
compounds, sulphide and minerals participating in fluid-mineral exchange reactions. 
An overview of the experimental avenues, results and the derived process-models with 
new kinetic data will be depicted in the contribution. 
 
REFERENCES 
 
Helgeson, H.C., Richard, L., McKenzie, W.F., Norton, D.L., Schmitt, A. (2009) A chemical 
and thermodynamic model of oil generation in hydrocarbon source rocks. Geochim. 
Cosmochim. Acta 73, 594-695.  
Lewan, M.D. (1997) Experiments on the role of water in petroleum formation. Geochim. 
Cosmochim. Acta 61, 3691-3723. 
Mango, F.D., Hightower, J.W., James, A.T. (1994) Catalysis in the origin of natural gas. 
Nature 368, 536-538. 
Seewald, J. (1994) Evidence for metastable equilibrium between hydrocarbons under 
hydrothermal conditions. Nature 370, 285-287. 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 414 -
COMPARATIVE STUDY OF OIL COMPOSITION CHANGES DURING 
MIGRATION PROCESSES IN STROMATOLITE AND SANDSTONE 
CARRIERS BEDS  
 
Rafael C. PACHECO1; Eliane S. DE SOUZA1* 
 
1. Petroleum Engineering and Exploration Laboratory (LENEP/UENF), Macaé, Brazil 
Corresponding author: lilisouza88@gmail.com 
 
The compositional fractionation of petroleum accompanying the migration process 
can be potentially used to infer distances petroleum may have travelled and the ratio of oil in 
the reservoir to that lost in the carrier beds. In this context, these studies have investigated the 
distribution of petroleum compounds during the migration in order to highlight the 
interactions between oil compounds and reservoir rocks [1]. Studies have showed that polar 
compounds in oil are the most retained on sandstone rock during secondary migration [2]. In 
another way, some of the oil molecules, such as aromatics hydrocarbons, even with a low 
solubility, may also be exchanged between oil and brine. 
The main purpose of this study was to compare the oil composition migrated through 
two carrier beds samples: Stromatolites, recent analogues of Albian carbonate rocks of the 
pre- salt Brazil, and sandstones. The migration process was performed, by capillary action, 
using oil (API 28) and rock samples saturated with brine. After simulated migration in both 
samples, each one was divided into 3 parts (bottom, middle and top) and the oils were 
removed by a Soxhlet extractor. Each extracted sample was fractionation by liquid 
chromatography to obtain the saturated, aromatic and NSO compounds. The fractions were 
analyzed by Gas chromatography/ mass spectrometry and the n-alkanes (m/z 57) and methyl-
phenanthrenes (m/z 192) were investigated. 
The results of the fractionation are shown in the Table 1. It is possible to observe 
similar concentration of saturated, aromatics and NSO compounds in the top of sandstone 
sample in comparison to the top of stromatolite. Both carrier beds show smaller concentration 
of NSO compounds (polar) in the top in comparison to bottom, which suggest the retained of 
polar compounds (NSO) [2], and the oil fractionation process in the rock and/or brine. 
Table 1: Composition of oil migrated into each part of the carrier bed. 
  STROMATOLITE   SANDSTONE  
 SATURATED AROMATICS NSO SATURATED AROMATICS NSO 
TOP 52% 33% 15% 53% 30% 17% 
MIDDLE 51% 31% 18% 52% 28% 18% 
BOTTOM 50% 30% 20% 51% 29% 20% 
However, the concentration of n-alkanes (m/z 57) in the top sandstones is larger when 
compared to the top of stromatolite (fig. 1a). For aromatic compounds such as methyl- 
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phenanthrenes isomers (m/z 192) observed an opposite behavior, when it was found a higher 
content in the top of stromatolite than sandstone top (fig.1b). So, can say that the oil migration 
in these rocks samples result in different changes in oil composition brought about by oil/ 
water/ rock partition and distribution processes. 
 
Figure 1: Concentration of n-alkanes (m/z 57) (fig.1a) and methyl- phenanthrenes isomers 
(m/z 192) (fig.1b) in the top of sandstones and stromatolite samples. 
 
The results of the experiment with the sandstone sample were compared with previous 
studies of simulated migration, by capillary, in sandstones not saturated with brine[2], it was 
observed that a brine saturation caused decrease in the content of saturated compounds and 
increased the concentration of aromatics, resins and asphaltenes in the top sandstone. This 
greater rise of polar compounds may be related to interactions with brine, since films of water 
adsorbed in the pores can be created. On the other hand, the same film may preferably have 
occupied the active sites of the rock slowing the rise of the saturated compounds.  
The interactions between oil compounds and rock samples tested in this experiment 
seem to be not affected by the different mineral compositions. The mineral composition of the 
sandstones is: quartz, feldspar and clay cement [3] (with porosity of 26%); and of the 
stromatolites is: variations of content of quartz, magnesian calcite and arogonite, and porosity 
of 10-40% in top, middle and bottom [4].  
It was concluded that, even with these differences in rock samples, the partition 
process of oil compounds performed similarly with subtle variations when it was compared 
(stromatolite top and sandstone top). But this behavior can be explained by the different 
interactions to these oil compounds with the rock samples and brine, and by rock wettability.  
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To understand the transformation of kerogen and the composition of generated 
products (oil + gas) with increasing maturation, the petroleum industry has used pyrolysis 
techniques to artificially mature source rocks at relatively high temperatures and short times 
in inert atmosphere. Because of the use of several pyrolysis conditions, significant differences 
are observed in the generated petroleum products. However, the composition of oils generated 
and expelled in hydrous pyrolysis is the closest to that of natural oils and therefore provide the 
best method to evaluate changes in oil properties with thermal maturity. This research 
investigates changes in the chemical properties of oils generated by hydrous pyrolysis from an 
immature organic-rich lacustrine rock of Aptian age from the onshore Araripe Basin (NE-
Brazil). This sample representing a type-I kerogen can be considered a reasonable analog for 
Brazilian lacustrine source rocks of Lower Cretaceous age in the offshore. 
Two types of experiments were conducted to simulate the full range of petroleum 
generation from early bitumen to maximum oil yield: (1) temperature runs for 72 hours 
between 280-365°C and (2) time runs conducted at different lengths of time (between 12-132 
hours) at 310, 325, 340, and 355°C. These conditions represent only bitumen and oil 
generation and exclude those needed for oil cracking to gas and pyrobitumen.  The expelled 
oils were characterized by API gravity and SARA fractions. The transformation ratio (X) was 
determined for all experiments based on the observed maximum expelled oil yield at 360°C 
for 72h. The gas-chromatography and SARA data integrated with API gravity were used to an 
accurate evaluation about the internal changes in the oil composition under different 
temperature-time conditions that directly affect oil quality. 
As observed in Figure 1, the results show a very complex behavior that can be 
separated in two main trends: (1) an inverse trend with API decreasing with increasing 
temperature at 72 h durations and (2) an expected trend with API increasing with increasing 
time at constant temperatures of 310, 325, 340, and 355°C.  This expected trend is particularly 
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apparent at the two higher temperatures (340 and 355°C). On the inverse trend, the first oils 
generated at low temperature and low transformation ratios (X<0.35) are characterized by 
higher values of API gravity (ranging from 30.1 to 31.9°) as a result of higher saturate and 
volatile (C15-) fractions, mainly due to the polar compounds remain trapped in the source rock. 
With further increase of temperature and X, the expelled oils become heavier (API gravity 
<30°) and enriched in polar compounds until the maximum yield of oil generation (X=1.0). A 
possible explanation is that larger amounts of polar compounds are expelled from the source 
rock together with hydrocarbons, especially when the source rock is highly saturated in 
bitumen. For this reason, the oils generated at higher temperatures for 72 hours (X>0.35) 
present lower quality. 
Conversely, significant variations in the API gravity (ranging from 22.0 to 29.9°) can 
be observed during the increase of the time experiments at the isotherms of 340 and 350°C. 
Short experimental times yield lower API gravity (i.e., heavy) oils than the long times. This 
behavior has also been inferred in nature, with heavier oils expelled early after a very short 
residence time in the source rock. This normal trend associated with the increase of oil quality 
is strongly dependent on time under high temperature, which promotes the breakdown of 
polar compounds in the source rock, producing oils with higher API gravities and higher 
contents of saturates and volatiles. It is important to mention that no oil cracking was 
observed during the experiments and that for the same source-rock transformation ratio  
different oils can be generated depending on the time-temperature combinations to which the 
source rock was submitted. 
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Figure 1.  Relationship between API gravity of expelled oils generated by hydrous pyrolysis 
with transformation ratio (X) of a Brazilian source rock containing type-I kerogen. 
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Hydrocarbon source rocks, containing type-II organic matter, were deposited in the 
Hungarian Paleogene Basin during Lower Oligocene. Laminated marls to shales of the Tard 
Clay Formation are considered as the most productive oil-prone rocks of the Oligocene 
sequence (Milota et al., 1995). Stratigraphically, the Tard Clay Formation represents the 
upper part of the NP 21 zone and the entire NP 22 and NP 23 zones. Based on sedimentology, 
nannoplankton assemblages, and geochemistry, different sedimentary units have been 
distinguished (Brukner-Wein et al., 1990; Hertelendi and Vetö, 1991). In this study, new 
organic petrographical, biomarker and stable isotope data are presented from three drill core 
sections from different parts of the Hungarian Paleogene Basin. The aim of the study is to 
elucidate the potential of combined stable isotope and biomarker compositional trends for 
basin wide stratigraphic correlation. 
A major contribution of aquatic organisms (green algae, dinoflaggelates, Chrysophyte 
algae) and minor inputs from macrophytes and land plants to organic matter accumulation is 
indiated by n-alkane distribution patterns, composition of steroids, and 13C of hydrocarbon 
biomarkers. Microbial communities included heterotrophic bacteria, cyanobacteria, 
chemoautotrophic bacteria, as well as green sulfur bacteria. The presence of methanotrophic 
bacteria is indicated by 13C-depleted hop-17(21)-ene. Higher inputs of terrestrial organic 
matter occurred during deposition of the lower and uppermost units of the Tard Clay 
Formation. The terpenoid hydrocarbon composition argues for angiosperm-dominated 
vegetation in the area of the Hungarian Paleogene Basin. Diterpenoid hydrocarbons, derived 
from the resins of conifers, are about 2 - 3‰ enriched in 13C compared to the angiosperm 
biomarkers. 
Environmental conditions changed from marine to brackish, accompanied by oxygen-
depletion in the lower parts of the water column. Organic carbon accumulation during this 
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period was a consequence of stagnant bottom water conditions in the Hungarian Paleogene 
Basin due to salinity stratification. This is indicated by low pristane/phytane ratios (varying 
from 0.27 to 1.44), enhanced ratios of dimethylated versus trimethylated MTTCs (0.14 – 
0.59), and the presence of aryl isoprenoids (from 0.4 to 14.1 g/g TOC). A major marine 
incursion is evidenced by stable isotope ratios of organic matter and carboates. In the 
uppermost member of the Tard Clay, a transition from brackish towards normal marine 
conditions is proposed.  
Up to 3 anoxic cycles are recognized in the drill core sections, separated by minima in 
pristane/phytane ratios and maxima in the depth trends of di-/tri-methylated MTTCs and aryl 
isoprenoid concentrations. In combination with the position of maxima of 13C of carbonate 
and organic matter and an abrupt decrease in perylene concentrations, the cycles can be used 
for intra-formational correlation of the Tard Clay.  
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The Maikop Formation, deposited in eastern Azerbaijan during Oligocene and Early 
Miocene times, are prolific source rocks containing primarily Type II organic matter. 
Accumulation of the fine-grained, organic-rich sediments occurred during an episode of 
isolation of the Parathetys Sea during Alpine-Himalayan collision (Feyzullayev et al., 2001). 
In addition, major sea-level regressions further isolated the South Caspian Basin from the 
Tethys Ocean to the south (Golonka, 2007). 
Paleontological analyses of dinoflagellate cysts revealed a Lower to Upper Oligocene 
age for the investigated succession near Angeharan. A major contribution of aquatic 
organisms (diatoms, green algae, dinoflaggelates, chrysophyte algae) and minor inputs from 
macrophytes and land plants to organic matter accumulation is indicated by n-alkane 
distribution patterns, composition of steroids, and 13C of hydrocarbon biomarkers. Microbial 
communities included heterotrophic bacteria, cyanobacteria, chemoautotrophic bacteria, as 
well as green sulfur bacteria. Higher inputs of terrestrial organic matter occurred during 
deposition of the Upper Oligocene units of the Maikop Formation from Angeharan mountains. 
The terpenoid hydrocarbon composition argues for angiosperm-dominated vegetation in the 
Shamakhy—Gobustan area. 
High primary bioproductivity resulted in a stratified water column and the 
accumulation of organic matter-rich sediments in the Lower Oligocene units of the Maikop 
Formation. Organic carbon accumulation during this period occurred in a permanently 
(salinity-) stratified, mesohaline environment with free H2S in the water column. This is 
indicated by low pristane/phytane ratios of all sediments (varying from 0.37 to 0.69), lower 
MTTC ratio in the lower units, and their higher contents of aryl isoprenoids and HBI 
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thiophenes. Subsequently, the depositional environment changed to normal marine conditions 
with oxygen-deficient bottom water. The retreat of the chemocline towards the sediment-
water interface and enhanced oxic respiration of OM during deposition of the Upper 
Oligocene Maikop sediments is proposed. 
Parallel depth-trends in 13C of total OM, n-alkanes, isoprenoids, and steranes argue 
for changes in the regional carbon cycle, associated with the changing environmental 
conditions. Increased remineralisation of OM in a more oxygenated water column is 
suggested to result in low TOC and hydrocarbon contents, as well as 15N-enriched total 
nitrogen of the Upper Oligocene units. 
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Despite the importance of Ediacara palaeoecosystems for the early evolution of metazoans 
(e.g. Narbonne et al., 2005, and references therein) only little is known about their geobiology. 
The major reason is that they are usually restricted to siliciclastic environments so that 
biogeochemical features are poorly preserved. One rare exception is the Shibantan Member 
(Dengying Formation, Ediacaran Period, South China) which comprises dark organic rich 
limestones (TOC = 3%) and contains large Ediacara-type organisms (Sun, 1986; Xiao et al., 
2005; Shen et al., 2009; Reitner et al., 2012). We here present results on the composition of 
bitumen and kerogen (via hydrogen pyrolysis; HyPy) of the Shibantan Member, aiming an 
understanding of analytical limitations, matrix effects during HyPy and, in particular, to draw 
conclusions on the biogeochemical setting of this Late Precambrian palaeoecosystem. 
The Shibantan Member contains overmature organic matter in the “wet gas stage” 
(Tmax = >500°C; HI = 125 HC/g TOC; MPI-1Bitumen = 1.42; MPI-1Kerogen = 1.38). Amounts of 
extractable organic matter are low with carbon chains of n-alkanes ranging from C15 to C39 
and a unimodal distribution (Cmax at C27). Despite an elaborate preparation procedure, 
including removal of several dm of rock material during several cutting steps with an ultra-
clean saw, the bitumen was apparently contaminated with n-alkanes from higher land plants, 
probably by post depositional fluids which migrated through invisible microcracks. The 
extraordinary low amount or absence of biomarkers (e.g. hopanes, steranes), obviously due to 
overmaturity, further complicated the use of the bitumen fraction for palaeo-reconstruction 
purposes. 
Due to this problem, we applied HyPy to sensitively release hydrocarbons from the 
kerogen matrix (Love et al., 1995). n-Alkanes cleaved from the kerogen were different with 
carbon chain lengths from C16 to C40 and a bimodal distribution (Cmax ≤ C18 and at C22, 
respectively), in line with a predominantly algal or bacterial source. Furthermore, these 
kerogens were rich in polycyclic aromatic hydrocarbons (PAHs) and organically-bound 
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sulphur. Highest relative yields were gained from HyPy after rock decarbonatization, which 
obviously avoids otherwise severe matrix effects in the presence of carbonate. Major 
constituents in the kerogen are various thiophenes, but also non-sulphur bearing PAHs.  
Organically bound sulphur is typically produced by reactions between organic matter 
and an excess of reduced inorganic sulphur species (e.g. H2S) during early diagenesis on a 
molecular and bulk level (Sinninghe Damsté & de Leeuw, 1990, and references therein). Such 
a scenario is likely for the Shibantan Member as the calculated 
dibenzothiophene/phenanthrene-ratio of ~5 for the bitumen also points to an anoxic/sulphidic 
environment (Hughes et al., 1995). Our data clearly show that high amounts of H2S were 
present in sediments of the Shibantan Member during earliest diagenesis which has to be 
considered in future discussions about metabolisms and lifestyles of benthic organisms in 
Ediacara paleoecosystems (e.g. the hypothesised role of microbial mats as potential "oxygen 
oases" for early metazoans; see e.g. Seilacher, 1999). 
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The distribution and profile variation as well as their carbon isotopic composition of a 
series of doublet straight long-chain alkyl naphthalenes (LANs) detected in the Upper 
Cretaceous Lacustrine sediments of Nenjiang Formation (K2n1+2) in Songliao Basin were 
investigated. The results show that the composition and distribution of LANs vary along with 
the strata change, while the relative abundance of methyl substituted (mainly methyl- and 
dimethyl-) naphthalenes and LANs displays a growth and decline relation. The δ13C 
compositions of LANs vary from -27.1‰ to -31.4‰ and display a gradual negative trend 
along with the increase of carbon number of alkyl chain. The δ13C composition of methyl- & 
dimethyl naphthalenes is in the range of -25.6‰ to -28.4‰, which is apparently heavier than 
that of LANs, while the normal alkanes are in the range of -31.9‰ to -34.5‰. The combined 
evidence suggests that LANs were geosynthesized compounds formed jointly by the isotopic 
heavier naphthalene and lighter alkyl chains during diagenesis. The ratio of total methyl 
substituted naphthalenes against total LANs, expressed as ∑MNs/∑LANs, show compatible 
or consistent change on the profile with the profile variations of Pr/Ph, TOC and HI. These 
suggest that the formation of LANs are likely controlled by redox condition of sedimentary 
environments as a reduced condition is favourable for LANs’ formation, while an oxic 
condition may favour the formation of methyl substituted naphthalenes. 
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The aim of the study is to determine petrography and biomarker assemblage of Balsha 
lignite, Sofia coal-bearing basin. It is based on 7 channel samples in drill holes and 4 samples 
of the associated carbonaceous shales. Chloroform extractable portions, the so called “free” 
bitumens, are studied by GC/MS. Additional information is received by TMAH thermally 
assisted hydrolysis/methylation of the residues.  
Bitumens are fractionated into saturates (n-hexane portion), polar aromatics (toluene 
portion) and NSO heteroatom-containing compounds (acetone portion). The first two are 
analysed. GC/MS determined composition of one polar aromatic fraction is illustrated in Fig.1. 
 
 
Fig.1. TOC of polar aromatic fraction 
(Numbers correspond to fatty acids; I - Abieta-8,11.13-trien-7-one; II -6,7-Dehydroferruginol; 
III - Ferruginol; VII - Amyrone; VIII - Friedelin; IX - A-Norfriedel-8-en-10-one; X -            
25-Noroleana-1,3,5(10)-triene; Toc – Tocopherol) 
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The results of the study indicate that phenolic diterpenoids can be used as 
chemosystematic markers for the phylogenetic and systematic comparison of the fossil taxa.  
Ferruginol, sugiol and their derivatives, are widely distributed in the conifer families, 
especially the Cupressaceae s.l., Taxodiaceae, and Podocarpaceae, but seem to be largely 
absent in Pinaceae. Respectively, Cupressaceae s.l., Taxodiaceae can be considered as the 
most probable vegetation in the Balsha palaeomire. Based on the occurrence of polar 
triterpenoids and products of their partial aromatization angiosperm-derived input to peat 
forming vegetation is assumed as well. Friedelin in some samples could be explained by the 
existence of Fagaceae and Gramineae in the palaeomire. 
Thermally assisted hydrolysis/methylation gives evidences for non-woody angiosperm 
vegetation in the palaeoswamp, i.e. herbs, grasses. The contribution of palaeovegetation to the 
organic matter formation is proposed to be evaluated from the quotient of the biomarkers, i.e. 
triterpenoids as indicators for angiosperms and diterpenoids as conifer markers (Otto et al. 
2005). High preponderance of vanillyl structures and subordinated contents of syringyl units 
in products of TMAH thermally assisted hydrolysis/methylation is determined. This is a hint 
for Gymnospermae input in the palaeoswamp. Cinnamyl phenolic units are registered as well. 
Petrographic contents, lipid compositions and thermally assisted hydrolysis/methylation 
data give ground to assume that the original peat bog of Balsha lignites is formed in fresh-
water forest swamp preferably composed by Gymnosperm vegetation. Phenolic diterpenoids, 
i.e. ferruginol, sugiol and their derivatives, argue for Cupressaceae s.l., Taxodiaceae as the 
most probable vegetation in the palaeomire. Biomarker assemblage of one of the drill holes 
reveals angiosperm rich herbaceous-type flora presence where the sum of diterpenoids is ten 
folds less in comparison with other profiles. Ketotriterpenoids and aromatized triterpenoids 
registered in polar aromatic fractions of the profiles also support this assumption (Fig.1). 
Present results are somewhat in confirmation with the hypothesis that the ratio A-
norfriedel-8-en-10-one (IX) over friedelin (VIII) can be applied for climate short-term cycle 
appraisal (Stefanova et al. 2011). The high content of A-norfriedel-8-en-10-one and 
calculated values > 1 presume permanent high water level in the palaeomire.  
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Interpretations of major climatic and biological events in Earth history are, in large 
part, derived from the stable carbon isotope records of carbonate rocks and sedimentary 
organic matter (Halverson et al., 2010). The later Neoproterozoic large-amplitude negative 
isotope anomalies are interpreted as the result of a massive dissolved organic carbon (DOC) 
reservoir, and the resulting mechanisms have attracted much attention, with the main 
controversy on the fidelity of δ13Ccarb records (Johnston et al., 2012). Similarly, there are also 
some questions raised on the fidelity of δ13Corg (Jiang et al., 2012). Usually, while covarying 
δ13Ccarb and δ13Corg may imply that organic carbon in marine sediments was mainly derived 
from primary (photosynthetic) production without substantial post-depositional alteration, 
decoupled δ13Ccarb and δ13Corg have a much less definitive meaning. 
 
 
Figure1 Distribution of TOC, δ13Ccarb, δ18Ocarb and δ13Corg along the profile and some 
correlation figures for samples from Kuluketage Mountains, Tarim Basin. (a) δ13Ccarb versus 
δ13Corg. (b) δ13Ccarb versus Δ13C, the features of slope and y-intercept are typical of late 
Neoproterozoic carbonates (Rothman et al., 2003). (c) δ13Ccarb versus δ18Ocarb. (d) δ13Corg  
versus TOC. 1xd(Xidashan formation), 2m(Moheershan formation), 3t(Tuershaketage 
formation). 
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 Figure 1 demonstrates decoupled δ13Ccarb and δ13Corg of Lower Cambrian Strata in 
Kuluketage Mountains, Tarim Basin, NW China. There are no comparable δ13Corg  excursions 
associated with the δ13Ccarb excursions (Fig.1 a), whereas there is a strong correlation between 
δ13Ccarb and Δ13C (δ13Ccarb - δ13Corg) (Fig.1 b). These results might be due to the burial 
diagenetic alteration of δ13Ccarb (Derry, 2010), or be taken as evidence for the existence of a 
large dissolved organic carbon (DOC) reservoir capable of buffering the carbon isotope 
composition of ocean organic matter (Rothman et al., 2003). The relatively weak correlation 
(R2 = 0.20) between δ13Ccarb and δ18Ocarb (Fig.1 c) may be an evidence from the latter 
hypothesis. If there exists a residue dissolved organic carbon reservoir, the typical feature that 
δ13Corg  is much less significant or invariant than δ13Ccarb can also be observed. Since the strata 
contains both features, the decoupled δ13Ccarb and δ13Corg here is probably a result of multiple 
mechanisms. However, in order to find out the dominent mechanism, more analyses and some 
other evidence are needed from petrology, organic geochemistry and biogeochemistry. 
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The occurrence of perylene in Middle Jurassic fossil wood and Miocene xylites from 
Poland is presented with its negative correlation to unsubstituted PAHs as well as cellulose 
content. Both Middle Jurassic and Miocene wood remnants have low thermal maturities (ca. 
0.2 to 0.3% Rr), excellent preservation of biomarkers and biomolecules, and in the case of the 
Middle Jurassic fossil wood samples generally good preservation of anatomical structures due 
to early diagenetic mineralization. The results from the analysis of 42 Middle Jurassic and 8 
Miocene (most of them taxonomically defined) fossil wood fragments demonstrated a 
negative correlation between the concentrations of perylene and that of the typical conifer 
biomarkers (e.g. cadalene, dehydroabietane, simonellite, retene). In addition, a good 
correlation (R2 = 0.81) was also observed between the ratio of perylene to the conifer 
biomarkers above and the ratio of PAHs (phenanthrene + fluoranthene + pyrene) to the 
conifer biomarkers (Fig. 1). This implies that the high concentrations of perylene in fossil 
wood indicate its extensive degradation during decay, transport and early diagenesis. We 
defined a fossil conifer wood degradation index as: 
CWDI = perylene/(perylene+cadalene+retene+simonellite+dehydroabietane) 
and observed a wide range of values (0.001 for less degraded wood to 0.9 for highly degraded 
examples). What symptomatic, fossil woods with poorly preserved anatomy usually have high 
CWDI value, while anatomically well-preserved fossil wood samples generally have lower 
CWDI values. We determined similar δ13C values of perylene from fossil wood samples (–
26.4 to –27.8 ‰ ), whereas the δ13C values of the conifer biomarkers were slightly heavier 
and varied from –25.6 to –26.6 ‰ and similar to that described by Itoh et al., (2010) and 
Grice et al., (2009). In contrast, pyrene was found to be depleted in 13C (–27.5 to –28.2 ‰). 
The carbon isotope values of perylene is consistent with its proposed origin from wood-
degrading fungi. 
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Figure 1. Relationship between ratio of perylene to conifer biomarkers and ratio of selected 
PAHs to conifer biomarkers for the fossil wood samples. 
 
A conifer wood degradation index (CWDI) was proposed as a parameter for the degree 
of fossil wood degradation by wood-degrading fungi. We believe that the high concentrations 
of perylene and its negative correlation with aromatic conifer biomarkers in fossil wood 
indicate extensive wood degradation by fungi during decay, transport and early diagenesis. 
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During the oceanic anoxic event 2 (OAE 2) in the Mid-Cretaceous Period widespread 
black shale (BS) formation occurred, reflecting perturbations in major biogeochemical cycles. 
Here we present geochemical and biomarker data of the OAE 2 from a sedimentary 
succession with low maturity (Tmax: 419°C) deposited at about 100 – 150 m water depth 
(Wunstorf, Germany). Our data support that processes inducing BS deposition in Wunstorf 
were related to orbital cyclicity and that they were not restricted to the time of the OAE 2 
carbon isotope excursion (Voigt et al., 2008). The lack of biomarkers specific for green sulfur 
bacteria (isorenieratane and respective degradation products) and prominent in the deep 
Protoatlantic (Sinninghe Damsté and Köster, 1998) excludes photic zone euxinia during OAE 
2 in the shallow setting in Wunstorf. Correlations of total organic carbon (TOC) and δ15N and 
high relative abundances of 32,35-anhydrobacteriohopanetetrol and other functionalized 
hopanoids (including 2- and 3-methylated structures) suggest that BS were formed during 
times of imbalanced nutrients with high phosphorus inputs and increased (cyano)bacterial 
nitrogen fixation. As indicated by positive correlations of the ketones dinostanone and 
tetrahymanone with TOC, periods of BS formation were also characterized by enhanced 
growth of dinoflagellates and bacteriovorous ciliates. While the latter indicates the presence 
of a stratified water body, the boost of dinoflagellates in the N-limited setting supports ideas 
of N-transfer from bacterial to eukaryotic biomass during OAE 2 (Higgins et al., 2012).  
In addition to the study of extractable organic matter (OM), we also analyzed kerogen-
linked biomarkers by catalytic hydropyrolysis (HyPy) and observed conflicting maturities and 
biomarker distributions between extractable and HyPy-released biomarkers. Moreover, a 
negative correlation of abundances of the diagenetically resistant extractable 2-methyl hopane 
hydrocarbons with TOC further indicates a complex depositional setting at Wunstorf. 
Ultimately, our data can be best explained by a setting with high continental runoff and input 
of abundant phosphorus that boosted primary production as well as refractory OM from the 
shelves and near shore areas that entered, in concert with OM from bacterial and algal growth, 
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the depositional setting in Wunstorf (Blumenberg and Wiese, 2012). Nevertheless, our study 
emphasizes the need of multi-line biomarker approaches for paleoreconstructions, particularly 
for shallow marine settings with their complex nutrient and hydrographic situations.  
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Triterpenoids of hopane series are classical bacterial lipids. In living bacteria, the so-
called biohopanoids comprise simple C30 compounds, such as diploptene or diplopterol, and 
mostly functionalised bacteriohopanepolyols (BHP). Initially, the production of hopanoids by 
living organisms was thought to be principally of the -configuration and with increasing 
maturity the thermodynamically less stable -hopanes are lost or converted to -hopanes 
and -hopanes, which is predominate in mature sediments (Nytoft and Bojesen-Koefoed, 
2001). Also, the biomarker studies operated under the assumption that there is no contribution 
of hopanoids from bacteria within anoxic sedimentary environments. However, studies of 
isolated microorganisms used for hopanoid characterization have shown environmental 
groups such as the Planctomycetes (Sinninghe Damsté et al., 2004), Geobacter (Fischer et al., 
2005) and sulfate reducing bacteria (SRB) of the genus Desulfovibrio (Blumenberg et al., 
2006); produce hopanoids under anoxic conditions. Furthermore, the presence of specific 
geochemical hopanoids has been recently observed in some living organisms (Putra, 2008). 
Although the effect of microbial activity on the process of carbonate formation in 
geological samples is often difficult to evaluate, the goal of this study was to investigate the 
homohopane distribution (C31–C35) of the Lower Jurassic (c.a. ~190 Ma) carbonate samples 
from Lusitanian Basin in São Pedro de Moel area. The carbonate rocks investigated during 
our studies comprises the top of the Coimbra, Água de Madeiros and Vale das Fontes 
formations. More than 40 immature rock samples were analyzed using selected ratios of 
molecular organic compounds by chromatography-mass spectrometer technique. Vitrinite 
reflectance analysis indicated that all samples show the same level of thermal maturity. 
The first observation was the predominance of hopanes over steranes, which 
associated with other molecular parameters, indicates that bacteria are the principal 
contributor to the organic matter of Coimbra and Vale das Fontes formations. The results 
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showed the C31 to C35 17(H),21(H)-homohopanes (22R) distributions of which four 
patterns were observed: C31<C32>C33>C34<C35 and C31<C32>C33>C34>C35 (Coimbra 
Formation); C31>C32>C33>C34>C35 (uppermost Coimbra Formation and Água de 
Madeiros Formation) and C31>C32>C33>C34<C35 (Vale das Fontes Formation). An 
interesting aspect is C32 relative abundance outnumbered the other homologues in the 
Coimbra Formation. These features observed could result from other homohopane precursors 
than bacteriohopanetrol or changes in redox conditions during early diagenesis. Furthermore, 
samples from Coimbra Fm. showed high abundance of hopanes with  configuration while 
samples from Vale das Fontes Fm. have -hopanes predominance. On the other hand, Água 
de Madeiros Fm. showed intermediated hopanes distributions. Also, these characteristics 
could be related to bacterial activities in the depositional paleoenvironmental. This means that 
possibly photosynthetic bacteria living in dysoxic-anoxic environment could be responsible 
for -hopanes predominance. On the other hand, samples which demonstrated high amount 
of -hopanes are related to heterotrophic bacteria that rework the original organic matter. 
Therefore, these data suggest that the studied units have different factors controlling 
the homohopane distribution and that they can be used to distinguish different genetic groups. 
The different homohopane fingerprints observed in the units may constitute an important tool 
in oil-source rock correlations precision, which will improve the understanding of the 
palaeoenvironmental conditions in the Lusitanian Basin. 
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In Australia, ~90% of megafauna became extinct between 49-44 ka, the so-called Late 
Quaternary Megafauna Extinction (LQME; Roberts et al., 2001). Climate change has been 
suggested as a possible cause, but the arrival of humans is often inferred as the main driver of 
this extinction. Dietary reconstructions from the eggshell carbon isotopes of flightless bird 
species suggest an abrupt increased utilization of C3 plants (Miller et al., 2005). The 
imposition of a human burning regime in Australia was suggested as the most likely cause of 
that ecosystem change. However, it has been recently suggested that a sudden vegetation 
change followed the LQME rather than preceded it (Rule et al., 2012). The main uncertainty 
is the timing of vegetation change in Australia, as palaeovegetation records from southeastern 
Australia are mainly based on pollen studies, reporting changes in a limited number of taxa 
and for local regions.  
We reconstructed a continuous C3-C4 plant vegetation record based on stable carbon 
isotopic composition of long chain n-alkanes derived from higher plant leaf waxes. We also 
reconstructed a biomass burning record based on the accumulation rates of levoglucosan, a 
biomarker that is exclusively produced during burning of land vegetation, using a novel 
HPLC-ESI-MS2 method. We analyzed sediment core MD03-2607, recovered from the 
Murray Canyons Group region, which is located offshore from the mouth of the River Murray 
system of southern Australia. The Murray and Darling rivers and their tributaries drain the 
large Murray-Darling Basin that covers a substantial part of southeast Australia that hosted 
many of the megafauna which became extinct. Excellent age control was achieved by 14C 
dating and correlation of the planktonic foraminiferal 18O-record with the global stack record 
which showed that the biomarker records span the last 135 kyrs. 
An extensive period (58-44 ka) of generally high (60-70%) C4 plant abundance was 
followed by an abrupt decrease in C4 vegetation (30%) at ~43 ka and increased levels of 
biomass burning, which lasted for ~3 ka (Fig. 1). This transient vegetation change directly 
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followed the main period of human arrival and megafaunal extinction in Australia, suggesting 
that it was not the cause of the LQME. The abrupt vegetation change at ~43 ka cannot be 
readily explained by a shift in regional climate. Instead, our data are consistent with the 
hypothesis that vegetation change was the consequence of the extinction of large browsers 
and led to the build-up of fire-prone vegetation with increased fire events in the Australian 
landscape (Flannery, 1990).     
 
Figure 1. Geochemical records from core MD03-2607 in the Murray Canyons Group region 
offshore southeastern Australia. a) 18O of G. bulloides, b) levoglucosan accumulation rates, 
and c) weighted 13C values of C27-C33 n-alkanes (left) translated into %C4 (right). 
 
REFERENCES 
Flannery, T. F. (1990) Pleistocene faunal loss: implications of the aftershock for Australia’s 
past and future. Archaeology in Oceania 25, 45-67. 
Miller, G. H., Fogel, M. L., Magee, J. W., Gagan, M. K., Clarke, S. J., Johnson, B. J.  (2005) 
Ecosystem collapse in Pleistocene Australia and a human role in megafaunal extinction. 
Science 309, 287-290. 
Roberts, R.G., Flannery, T.F., Ayliffe, L.K., Yoshida, H.,  Olley, J.M.,  et al. (2001) New ages 
for the last Australian megafauna: continent-wide extinction about 46,000 years ago. 
Science 292, 1888-1892. 
Rule, S., Brook, B. W., Haberle, S. G., Turney, C. S. M., Kershaw, A. P., Johnson, C. N. 
(2012) The aftermath of megafaunal extinction: Ecosystem transformation in Pleistocene 
Australia. Science 335, 1483-1486. 
b
a
c

18O
 G
. bulloides [‰
]
1
2
Age [ka]
0 10 20 30 40 50 60 70 80 90 100 110 120 130
W
ei
gh
te
d 
m
ea
n 
13
C
 
n-
al
ka
ne
s 
C
27
-2
9-
31
-3
3 
[‰
]
-32
-30
-28
-26
%
 C
4
30
40
50
60
70
more C3 plants
more C4 plants
megafaunal extinction
human colonization
Le
vo
gl
uc
os
an
[n
g 
m
-2
 y
r-1
]
0
1
4
-
+
bi
om
as
s 
bu
rn
in
g
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 437 -
MIOCENE ENVIRONMENTAL CONDITIONS IN THE UPPER AMAZON BASIN 
 
Els VAN SOELEN1*, Carina HOORN2, Roberto V. SANTOS3, Martin RODDAZ4, Jaap S. 
SINNINGHE DAMSTÉ1, Jung-Hyun KIM1 
 
1. Royal Netherlands Institute for Sea Research (NIOZ), department of marine organic 
biogeochemistry, NL-1790 AB Den Burg (Texel), the Netherlands 
2. University of Amsterdam Institute for Biodiversity and Ecosystem Dynamics, The 
Netherlands 
3. Universidade de Brasília, Instituto de Geociências, Departamento de Geoquímica e 
Recursos Minerais. Brasília, Brasil 
4. Géosciences-Environnement Toulouse, Université de Toulouse, France 
*) Corresponding author: els.van.soelen@nioz.nl 
 
The Amazon River is the largest catchments in the world and responsible for the 
largest particle transport from land to ocean, resulting in high accumulation rates in the 
Amazon fan delta. Since the late Miocene times (c. 10.5 Ma) the Amazon River flows from 
the Andes to the Atlantic Equatorial Margin. Erosion and sediment loading in the river has 
been affected by mountain uplift and changes in rainfall rates. Sedimentological and organic 
geochemical studies of the Amazon fan and near coastal sites may therefore provide valuable 
history of the development of the upper and lower amazon basin through time. A thorough 
interpretation of these records, requires a detailed study of inland sedimentary deposits aiming 
to understand how sediment and organic material source areas have evolved through time. 
Miocene and recent sedimentary deposits were studied in the upper Amazon basin 
(Colombia, Peru, Bolivia and Brazil) using organic geochemical proxies. Previous geological 
and macrofossil studies suggest that that during the Miocene the Northern part of the upper 
Amazon basin episodically was flooded by marine incursions (e.g., Hoorn et al., 1993; 2010; 
Lovejoy et al., 2006; Linhares et al. 2011), however, the nature of these marine incursions is 
still debated.  
Marine palynomorphs such as foraminifera and dinoflagellates were documented at 
two locations, Mariñame (Caquetá River, Colombia) and Los Chorros (Amazonas River, 
Colombia). In this study we have identified and quantified lipid biomarkers and determined 
the carbon isotopic composition of whole samples these two outcrop sites. Preliminary results 
show that the total lipid fraction is dominated by long-chain fatty acids, which are typically 
derived from higher terrestrial plants. Long chain n-alkanes are present as well, but in lower 
concentrations. The typical soil-derived branched glycerol dialkyl glycerol tetraether (GDGTs) 
were only a minor part of the total GDGT pool at Mariñame, but dominate in Los Chorros. In 
contrast, crenarchaeol was found in most samples. Changes in the relative distribution of 
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long-chain fatty acids and GDGT compounds suggest that the sources for these compounds 
changed through time, indicating that paleoenvironmental conditions may have changed. In 
future studies we intend to compare mineralogical and isotopic analyses (e.g. strontium and 
neodymium isotopes) of Miocene outcrop samples with modern soil samples, as well as with 
the lower Amazon basin and Amazon fan samples.  
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During the last two millennia, global climate warming events allowed two phases of 
agricultural expansion in Southwestern Greenland (Massa et al., 2012a). The first phase 
coincided with the medieval Norse colonization between 986 AD and the mid-fifteenth 
century; the second, corresponds to the modern reestablishment of farmers since 1920, after 
the end of the Little Ice Age. This context appears as an exceptional study model to examine 
the transition from a pristine to an anthropogenic landscape. To this respect, lake deposits 
provide a sensitive recorder of environmental changes due to land use.  In order to assess the 
history and impacts of grazing activities, a first molecular inventory was conducted on a 
sedimentary sequence retrieved from Lake Igaliku (61°00’N, 45°26’W, 15m asl). 
A well-dated core spanning the last two millennia was analyzed in order to identify 
biomarkers that attest to pastoralism such as fecal sterols (Bull et al., 2001) and bile acids 
(Tyagi et al., 2008). 40 samples were extracted, separated into neutral, acid and polar 
fractions. The neutral fraction was further separated into aliphatics, aromatics, ethers ketones 
and alcohols by flash chromatography. In the same way, the acid fraction was separated into 
fatty acids, bile acids, diacids and hydroxyl-acids. After addition of an internal standard, 
fractions were analysed by Gas Chromatography-Mass Spectrometry.  
205 compounds were identified and quantified including n-alkanes, n-alkan-2-ones, 
mid-chain ketones, wax esters, sterols, hopanoids, fernenes, triterpenyl acetates, polycyclic 
aromatic hydrocarbons (PAH), tricyclic diterpenes, fatty acids, bile acids, diacids and 
hydroxy-acids. Principle Components Analysis of the data allowed us distinguishing three 
main groups of distinct behavior: (i) fatty acids, bile acids, diacids and hydroxy-acids; (ii) 
tricyclic diterpenes; (iii) PAH and sterols. The evolution of biomarker concentrations were 
compared to other parameters such as total organic carbon, total nitrogen and sulfur contents, 
sediment accumulation rate and non-pollen palynomorph (Gauthier et al., 2010; Massa et al., 
2012b; Perren et al., 2012). The evolution of deoxycholic acid, a bile acid that can be 
attributed to sheep (Tyagi et al., 2008) matches the evolution of spores of coprophilous fungi 
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(Gauthier et al., 2010) and that of the C/N, established as an erosion marker (Perren et al., 
2012). Indeed, deoxycholic acid concentration is weak before the Norse settlement and 
reaches a peak at 1100 AD when other indicators attest to a stronger Human impact on lands. 
Deoxycholic acid concentrations, standardized to the ration C/N showed the same trends. This 
indicates that variations are not only due to the erosion rates but also to the importance of 
pastoralism in the watershed.  
These preliminary results provide a new insight into the Norse history in Greenland, 
completing the archaeological knowledge and a first quantified molecular inventory of 
biomarkers in lacustrine sediments from Southern Greenland. 
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The interaction of biological and geological processes has created the Earth and driven 
the evolution of its biodiversity from early life. Organisms have continually adapted to 
changing environments, the evolution of individual species has consequently impacted the 
chemical and physical properties of Earth. Life’s signatures that reveal the evolution of 
biological forms and their geological consequences are not only restricted to visible remnants 
(e.g. fossils), but also can encompass biomarkers, isotopic signals and mineral associated 
fabrics. The changes in isotopic signals appear to be consistently similar for several major 
geological events of our planet. The ‘mother’ of all mass extinction events at the close of the 
Permian near to the Permian/Triassic Boundary (Grice et al., 2005) shows remarkably similar 
conditions to the series of events (marine collapse, extinction and recovery) leading to the 
fourth largest extinction near to the Triassic/Jurassic boundary of the Phanerozoic (Jaraula et 
al., 2013) and also the Late- Devonian events (Tulipani et al., 2013). Persistent photic zone 
euxinia is evident in the end-Triassic extinction event (Jaraula et al., 2013). Similar conditions 
are also reported for an exceptionally well preserved fossil crustacean and functionalised 
lipids reported within a carbonate nodule of Devonian age (Melendez et al., 2013a; Melendez 
et al., 2013b these proceedings) as well as the surrounding basinal shales (Gogo Formation) of 
the Canning Basin i.e. petroleum source-rock interval. Such conditions are also linked to the 
rise of terrestrial vegetation during the deposition of intervals of the Gogo Formation 
associated with the Late-Devonian events.  
There is a consistent association with synchronous isotopic perturbations in marine 
and atmosphere carbon reservoirs based on 13C of plant waxes and marine sourced 
biomarkers. Chlorobi derived biomarkers and excursions in 34S of pyrite confirm photic zone 
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euxinia occurring at the onset of the marine collapse in the end Permian, end Triassic and 
Late-Devonian events. Further the isotopic changes are also strongly related to the collapse/ 
recycling of organic matter from the marine and terrestrial ecosystems (e.g. Nabbefeld et al., 
2010).  
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Lake Van, located in Eastern Turkey, is a saline soda lake and represents one of the 
world’s largest endorheic lakes. We present a multiproxy study on three sediment cores (3-5 
m length) retrieved from the eastern part of the lake in order to reconstruct the Holocene 
paleo-hydrology, vegetation and climate of this unique ecosystem. The studied sediments 
were deposited during the last 10500 (uncalibrated) years. Our work comprises inorganic 
geochemical as well as bulk and molecular organic geochemical analyses. To the best of our 
knowledge, compound specific hydrogen isotope measurements on n-alkanes have for the 
first time been applied to the sedimentary record of Lake Van.  
Sedimentological as well as bulk/molecular organic geochemical observations indicate 
that the upper 2.5 m intervals of the cores exhibit significantly different characteristics than 
the lower core sections (Fig. 1). The upper parts are characterized by very distinct varving due 
to seasonal sedimentation variability and the lack of bioturbation. TOC content varies 
between 0.7% to 6% and HI values show a wide range (175-535 mgHC/gTOC). The n-alkane 
distributions, which have their maxima at nC17, are typical for a predominant organic matter 
input from aquatic producers. Lower intervals are lithologically characterized by relatively 
thicker varves, laminas and bands. The TOC content varies between 0.9% and 1.5%. Low HI 
values (105-282 mgHC/gTOC) indicate organic matter input predominantly from terrestrial 
plants. This is supported by the n-alkane compositions which show a dominance of nC29 and 
nC31.  
In terms of isotopic investigations, total organic carbon, total nitrogen and n-alkane 
specific hydrogen isotopes were determined (Fig. 1). The total organic carbon isotopic 
composition fluctuates between -22.2‰ and -25.5‰. Total nitrogen isotopic composition 
shows a wide range of 3‰ to 12‰. The strong correlation between TOC and TN (R2:0.97) 
suggests that the nitrogen originates mainly from organic material. The relatively small 
variability of the δ13Corg values indicates that the C3 versus C4 plant contribution was more or 
less stable during the investigated period. However, very negative δ13Corg values observed in 
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the 369-372 cm interval in one of the cores may indicate a higher contribution from C3 plants 
corresponding to more humid conditions.  
δD values of the nC17, nC27, nC29 and nC31 alkanes also showed a wide range between 
-121‰ and -254‰ with an average δD value of -209‰. In general nC17 exhibits the lightest 
hydrogen isotopic signature. Such light isotopic values probably reflect isotopically light δD 
values of the lake water. However, the lightest and heaviest values were measured for nC27 
(Fig. 1). Such remarkable shifts can be an indicator for fast changes in hydrological balance 
or enhanced meteoric water input (Li et al., 2001). Furthermore, relatively heavy δD values of 
long-chain odd carbon numbered n-alkanes (nC27, nC29 and nC31) may explained by 
evaporation processes (Sachse et al., 2006).  
 
Figure 1. Total organic carbon, total nitrogen and n-alkane δD values and cross plot of δ15N 
and δ13Corg (characteristic boundaries for fresh water, marine, marsh areas and terrestrial 
plants were obtained from Cloern et al., 2002; Ogrinc et al., 2005). 
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The surroundings of the northern Bay of Bengal are among the rainiest places on Earth due to 
strong summer monsoonal rains. Fluvial discharge from major drainage basins, such as the 
Ganges-Brahmaputra-Meghna system, transports large amounts of terrigenous material to the 
ocean, including soil and vegetation detritus. This opens the possibility to study terrestrial 
signals in marine sediments, and makes the Bay of Bengal an excellent location to reconstruct 
the eastern Indian summer monsoon history. Precipitation amount and distribution influence 
vegetation composition by regulating water availability for plants, whereas its intensity in 
combination with the vegetation cover controls the degree of soil erosion.  
In order to reconstruct the history of precipitation, vegetation composition and 
terrestrial organic matter input, we analyzed terrestrial biomarkers and bulk parameters in the 
sediment core SO188-342KL from the northern Bay of Bengal spanning the last 17 thousand 
years (17 ka). We determined bulk δ13Corg to assess the terrestrial organic matter input. We 
performed compound-specific stable isotope analysis of carbon (δ13C) and hydrogen (δD) on 
C29 and C31 n-alkanes derived from plant waxes, to reconstruct changes in precipitation and 
vegetation composition. In addition, we analyzed glycerol dialkyl glycerol tetraethers 
(GDGTs) from soil bacteria, and calculated the branched and isoprenoid tethraeter index 
(BIT), the cyclisation ratio of branched GDGTs (CBT), and the methylation index of 
branched GDGTs (MBT), to estimate soil-derived organic matter input, paleo-soil pH values, 
and mean air paleo-temperatures, respectively.  
The extracted n-alkane compounds showed Carbon Preference Indices (CPI) >4, 
confirming their higher plant origin. The high resolution δ13Cn-alkane and δDn-alkane records 
revealed a highly significant positive correlation (P>0.8; p<0.001), indicating that vegetation 
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changes are strongly linked to precipitation variability. Overall, our records suggest strongest 
precipitation during the Holocene (last 10 ka). The δ13Cn-alkane records showed a higher 
proportion (>70%) of C4 vegetation before 12.7 ka followed by a gradual replacement by C3 
vegetation, in agreement with the observations of Galy et al. (2008). The correlation of bulk 
δ13Corg and δ13Cn-alkane (P>0.7; p<0.001), suggests that the majority of bulk organic matter is 
of terrestrial origin. Furthermore, our δDn-alkane and δ13Corg records covary with the sea surface 
salinity record of Kudrass et al. (2001) from the northern Bay of Bengal, supporting river 
discharge as the main transport pathway of terrestrial organic matter to the ocean. Overall, our 
results indicate a close link between precipitation intensity, vegetation composition and 
fluvial terrestrial organic matter discharge. Major and trace element compositions suggest that 
the terrestrial material in the sediment core includes contributions from the lower Ganges-
Brahmaputra-Meghna catchment and the Indo-Burman range. 
The results of the GDGT-based proxies are, however, questionable. The BIT index 
revealed only a weak correlation with the δ13Corg and δ13Cn-alkane records (P>0.4; p<0.01), and 
no significant correlation with the δDn-alkane records. In contrast, it displayed a positive 
correlation with absolute sedimentary crenarchaeol content (P>0.3; p<0.001), produced 
mainly by marine archaea. Paleo-soil pH values were negatively correlated with the δDn-alkane 
(P>-0.5; p<0.001), implying higher soil pH associated with stronger precipitation, although 
increased moisture should lead to soil acidification. Finally, reconstructed mean air paleo-
temperatures were, on average, 5 °C higher during the late glacial period (17-12.7 ka) than 
during the Holocene, against all expectations. These results suggest other processes affecting 
the production, transport and/or deposition of GDGTs, preventing a straightforward 
interpretation of the derived climatic proxies. 
 We conclude that summer monsoon precipitation was the main driver of vegetation 
composition and fluvial export of terrestrial organic matter around the northern Bay of Bengal 
during the Late Quaternary. Due to an intensifying summer monsoon throughout the 
Holocene, precipitation and fluvial discharge were enhanced and a shift from previously C4-
dominated to C3-dominated environments took place.  
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Lake Challa (3°19’S, 37°42’E) is a small deep crater lake near Mt. Kilimanjaro on the 
border of Kenya and Tanzania. Previous studies within the CHALLACEA project on a finely 
laminated well-dated composite sediment core revealed that Lake Challa is a unique archive 
of the east African equatorial continental climate (e.g. Verschuren et al., 2009; Sinninghe 
Damsté et al., 2011). We examined the potential of sedimentary biomarkers to reveal 
paleoenvironmental and paleoclimatic changes. 
The apolar fractions of sediment extracts of the last 25,000 years show an unusual 
dominance of C25 and C27 n-alk-1-enes in the first 10,000 years (Fig. 1). These alkenes were 
not present in extracts of 10 soil and 5 litter samples obtained near the shoreline and halfway 
up the inner rim of the crater, clearly indicating an autochtonous, aquatic origin. Suspended 
particulate matter analysis further indicated that these n-alk-1-enes are mainly produced in 
the top 30 meters of the water column. Monthly taken sediment trap samples (December 
2006 to November 2007) show increased fluxes of these n-alk-1-enes following the locally 
prominent short rain season (November–December). Since diatoms in Lake Challa mainly 
bloom in the dry, windy season (August-September) an origin of these n-alk-1-enes from 
cyanobacteria and/or green algae is more likely. On-going biological studies of the monthly 
sediment traps will likely result in a more specific aquatic source for these n-alk-1-enes. The 
gradual disappearance of the n-alkenes after the Holocene period is likely due to their 
degradation. Since the C25 and C27 n-alkanes distributions show no gradual increase over the 
25,000 year period, which is supported by the more depleted δ13C values of the n-alk-1-enes 
compared to the n-alkanes, it can be concluded that the n-alk-1-enes are not transformed into 
their saturated counterparts during diagenesis.  
 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 448 -
 
Figure 1: GC chromatograms of the apolar fraction of three different sediment samples of 
Lake Challa, showing the dominance and variable abundance of n-alk-1-enes [ ] and des-A-
triterpenes [Des-A]. N ̄-alkanes are indicated [ ]. 
 
Apart from the unusual n-alk-1-enes dominance, a large variety of sometimes very 
dominant des-A-triterpenes is found throughout the sediment core (Fig. 1). These des-A-
triterpenes are early diagenetic products of plant triterpenoids (e.g. Jacob et al., 2007). 
Functionalized triterpenoids are abundantly present in the extracts of the litter and soil 
samples mentioned above. Since the use of the BIT index (used to distinguish the input from 
allochthonous soil organic matter from autochthonous aquatic production) seems to be 
constrained in Lake Challa climate reconstructions (Sinninghe Damsté et al., 2009), the des-
A-triterpenes will be tested to be used to define a complementary or alternative proxy for the 
relative contribution of allochtonous plant material to the lake over time and thus serve as a 
future proxy for long term variability in precipitation. 
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The use of stable carbon (C) and nitrogen (N) isotope ratios (δ13C and δ15N, 
respectively) as a tool for extracting paleoclimate information from peatlands has only 
recently been explored (Loisel et al., 2010), and there is limited published data from Sweden. 
The objective of the study was to reconstruct Holocene climate record using δ13C and δ15N in 
core recovered from a small bog (ca. 2 ha) at Stavsåkra in southern Sweden. The study area 
lies within the boreonemoral zone where deciduous trees are mixed with spruce and pine. We 
determined total C, N contents and δ13C and δ15N compositions of dry homogenised bulk peat 
using a EuroEA3024 elemental analyser coupled to an Isoprime isotope-ratio mass 
spectrometer.  
A lack of correlation between C/N and δ13C (r2=0.25-0.37), C/N and δ15N (r2=0.10-
0.28) imply insignificant influence of microbial degradation on the stable isotope records. 
Moderate C/N values (14-18) from the bottom up to 275 cm indicate presence of algal and 
terrestrially derived organic material in a semi aquatic environment. A shift from groundwater 
to rainwater as the major source of water took place parallel to the development of the bog, 
and the transformation of the aquatic body into a bog is reflected in increasing N and 
decreasing δ15N values (Fig. 1). Our assumption is supported by lithological transition from 
gyttja to carr peat at these depths (Fig. 1). An upward decreasing δ13C trend especially a steep 
8‰ drop in between 305 and 285 cm indicates a change in regional climate towards warmer 
conditions. An abrupt increase in C and N preceding the sharp fall of δ13C indicates high 
biomass accumulation. The ∼4‰ shift to lighter δ15N at these depths implies that atmospheric 
N2 became the major source of N. The subsequent shift of δ13C to more positive values 
suggests significant cooling of the regional climate, and depleted δ13C values above 175 cm 
indicates drier conditions. However, a 1.5‰ fall of δ13C in between 175 and 195 cm can be 
caused by an increase in humidity. The relatively stable δ13C values (-26‰ to -28‰) above 
135 cm fall within the range of atmospheric uptake by C3 plants, which is consistent with 
present day vegetation at the bog. Distinct low values of stable isotopes and corresponding 
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high C and N values at 50 cm may correspond to expansion of open Calluna heaths and 
intensive forest clearance using fire (Olsson et al., 2010). However, the near uniform δ13C and 
upward decreasing N values above 45 cm contradict post industrialisation global decrease in 
δ13C, and increase in N emission. 
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
2
N%H
H
H
H H
H
H H
H
H H H
H
H H
H
H H H H H H H H
H
H
H
H
H H
H
H
H
H H
H
H
H H
H H
H
H H H
H H H H
H
H H
H
H H
H H
H
H
H
H H
H
H
Loose lower humified Sphagnum
15 35 55 75 95 115 135 155 175 195 215 235 255 275 295 315 335
Depth (cm)
δ15N
(‰)
1
1
1
1 1 1
1
1
1
1
1 1 1
1
1 1 1 1 1
1
1
1
1
1
1
1
1 1
1 1 1 1
1
1
1
1
1 1 1
1
1
1 1 1
1
1
1
1
1
1
1
1
1
1 1 1
1
1
1
1 1 1
1
1
-4
-3
-2
-1
0
1
2
3
J
J J J J
J
J J
J J J
J J
J J J J J
J J J
J J J
J
J J
J
J J
J
J
J
J
J
J
J
J
J J
J
J
J J J
J J J J
J
J
J J J J J J J J J J J J J
0
20
40
60
80
100
120
140
C/N
F F F F F F
F
F F F F F F F F F F F F F F F F
F F
F F F F
F F F
F F F
F F F F F F F F F F F F F F
F
F
F F F
F
F
F
F F
F
F
F
F
F
δ13C
(‰)
-33
-31
-29
-27
-25
-23
-21
B B
B B B
B
B B
B B B B B
B B
B
B B B B B
B B
B B B B B B B B B B B B B B B B B B B B B B B B B B B
B
B
B B B B B
B
B
B B B B B
C%
6
10
14
18
22
26
30
34
38
42
46
50
54
58
62
Gyttja
/Clay
High humified SphagnumLow 
humified
Sphagnum
Carr Coarse 
detritus 
gyttja
Fine 
detritus 
gyttja
 
Figure 1. Lithology, stable isotopes, total C, N and C/N profile of the investigated bog. 
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The largest mass extinction events have shaped the evolution pathway of many 
species. Following a mass extinction, ecological niches became vacant allowing the 
diversification of surviving organisms. Current thinking is that there was probably a 
combination of many mechanisms that triggered the mass extinctions and many of these 
events are attributed to changes in the major biogeochemical cycles (C, S, N and O) and 
tectonic events throughout Earth’s history as opposed to single causes.  
It has been proposed that the release of toxic H2S into the ocean surface and 
atmosphere played a special role in the Permian/Triassic mass extinction and was also 
associated with the protracted recovery. Markers of Chlorobi, like isorenieratane and 
derivatives therefrom, have been globally identified across Permian/Triassic mass extinction 
boundary and early Permian sediments of the Zechstein Sea. Along with S and C isotopic 
evidence for perturbations in the biogeochemical carbon and sulphur cycles, these biomarkers 
indicate the presence of toxic H2S in the zone of light penetration (photic zone euxinia, PZE) 
in the water column, during the largest mass extinction event of the Phanerozoic (Grice et al., 
2005). These conditions are reported widely in many Permian/Triassic sections, e.g. 
Spitsbergen, East Greenland, Western Canada, China, Tibet and Western Australia (e.g. Cao 
et al., 2009; Hays et al., 2007; Nabbefeld et al., 2010). 
A new section from Spitsbergen, Norway, spanning the P/Tr boundary and recovery is 
the object of investigation in this multidisciplinary study. Preliminary results show an average 
TOC above 1 wt. % including some organic reach intervals (up to 4 wt. % in TOC). The 
section is immature (437 °C in Tmax), therefore ideal to evaluate variations in type of organic 
matter and palaeoenvironmental conditions using saturated and aromatic biomarkers as well 
as their isotopic compositions. The lithology of the section, as well as δ34S of pyrite, δ2H of 
kerogen and detailed palynological analyses are also evaluated along with biomarkers and 
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their stable isotope ratios demonstrating the timing of the recovery of both marine and 
terrestrial realms along with diversification of new species especially at a microbial level.  
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The Hongshuizhuang Formation (Mesoproterozoic, ~1.4 Ga) in the Yanshan Basin in 
North China is composed of organic-rich sediments (up to 8% TOC) interbedded with 
limestones which record important source input, environmental and paleoceanographic 
information from that time. To assess this, major and trace elements contents and the solvent 
extracts of the sediments were analysed. Aromatic hydrocarbon distributions indicate the 
Hongshuizhuang Formation samples from the JQ1 core have low thermal maturities in the 
early oil window (0.6–0.7% vitrinite reflectance equivalent), based on calibration with middle 
Velkerri Formation rocks of about the same age from Australia. This indicates that the 
samples contain well preserved organic matter that is not thermally destroyed. 
Redox-sensitive trace elements (Mo, U, V, Pb, Zn, Cu, Cd and Ni) show that the 
limestones contain low amounts of trace elements typical of oxic environments, whereas the 
black shales contain high amounts of trace elements and were mainly deposited under euxinic 
conditions (Luo, in press). The Mo-U covariation pattern for the black shales of 
Hongshuizhuang Formation is similar to that of the modern unrestricted eastern tropical 
Pacific (Algeo and Tribovillard, 2009), along the unrestricted marine trend, indicating that the 
seawater in Yanshan Basin was in good communication with the global ocean at ~1.4 Ga. 
In general, samples show a preponderance of low molecular weight n-alkanes, with a 
maxima between C13 and C19, and a slight even carbon-number preference. Two limestone 
samples are exceptions, with high amounts of waxy n-alkanes. Pr/Ph ratios in the limestones 
are lower than those in the black shales (Figure 1), inconsistent with the interpretation that the 
Pr/Ph ratio responds to redox environments (Didyk et al., 1978). The Pr/Ph ratios have a 
positive correlation with nC20-/nC21+ (R²=0.56) (Figure 1). In Precambrian samples, n-alkanes 
with carbon numbers < C20 were thought to be derived from bacterial and/or algal sources, 
however, n-alkanes > C21 may be derived from sulfate-reducing bacteria or some algae (Wang 
and Simoneit, 1995 and references therein). So in the Hongshuizhuang Formation, Pr/Ph 
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ratios may be related to varying biological sources rather than redox conditions of the 
environment. 
The characteristic monomethylalkane distribution is typical for similar age sediments 
from around the world, and alkylclohexanes have a similar distribution as the n-alkanes. 
Hopanes and homologous series of C18 to C23 13α(n-alkyl)-tricyclic terpanes were detected, 
but no steroidal hydrocarbons are present, which indicates low or zero eukaryote input in the 
Hongshuizhuang Formation, similar to the Velkerri Formation in Australia. 
 
Figure 1. Pr/Ph versus nC20-/nC21+ of Hongshuizhuang Formation sediments. The solid line 
represents the trend line of all samples. 
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Secondary microbial gas forms during methanogenic biodegradation of petroleum and 
is of significant global volumetric importance. As biodegraded oils dominate the world’s 
petroleum reserves, approximately 65,500 tcf of secondary microbial methane may have been 
generated within worldwide accumulations through their geological history (Milkov, 2011). 
Secondary microbial gas generation is a strictly anaerobic process that involves chemical 
reduction of CO2 to methane during oil biodegradation. This reaction proceeds with a strong 
carbon isotopic fractionation (Whiticar, 1999). As 12C-enriched CO2 is consumed by bacteria, 
the stable carbon isotopic composition (13C) of the residual CO2 increases, often reaching 
strongly positive values relative to the Vienna Pee Dee Belemnite (VPDB) international 
reporting standard. Because methane is the main hydrocarbon gas formed during anaerobic 
petroleum biodegradation, high gas dryness can be expected in subsurface reservoirs with 
secondary microbial gas. Biodegraded oils commonly exist, either in the reservoir itself, or 
underlying the dry gas pools. 
Geochemical criteria to recognize secondary microbial gas in petroleum reservoirs 
include the presence of biodegraded oils in the reservoir or down-dip, a relatively dry gas with 
13C values of methane between -55‰ and -35‰ and, most importantly, CO2 with 13C 
values more positive than +2‰ (Milkov, 2011). With this background we have reviewed 
available gas geochemistry data from various oil and gas fields and the occurrence of 
biodegraded crude oils in Saudi Arabia. In this paper, we present geochemical evidence for 
the existence of secondary microbial methane with biodegraded oils in a relatively shallow 
and cool Cenozoic reservoir in the Arabian Gulf, Saudi Arabia. Crude oil geochemical data 
indicate a slight to moderate level of petroleum biodegradation. The gas chromatograms show 
that saturated hydrocarbons were selectively removed and that aromatic hydrocarbons are 
partially affected. Biomarker and bulk isotope data suggest that these oils were generated 
from organic-rich source rocks in the Jurassic. Geochemical signatures of gases collected at 
several locations are inconsistent with an exclusively thermogenic origin from the Paleozoic 
or Mesozoic. The gases are relatively dry, contain methane with 13C values of -45‰ and 
CO2 with unusually high 13C values between +11‰ and +18‰. This 13C-enriched CO2 
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clearly separates these gas samples from other offshore gases in the Arabian Gulf. These data 
provide geochemical evidence for in-reservoir anaerobic microbial degradation of a Jurassic-
sourced crude oil and reduction of CO2 to methane. 
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YN2 gas pool, located in the Yingjisu depression of eastern Tarim Basin, is the most 
gas productive reservoir in the eastern Tarim Basin to date. There is a consensus that YN2 
natural gas is sourced from marine source rocks of Cambrian-Lower Ordovician. However, 
the origin of distinct high abundance of wet gas components (as high as 15.4 mol%) has been 
debated for a long time, with regard to present thermal evolution of high-over maturity of the 
source rock.  Previous interpretations can be summarized as: 1) oil-cracking gas with a “motel 
model” accumulation history; 2) mixing of oil-cracking gas with primary gas (i.e. from gas-
prone kerogen cracking); 3) post-alteration process such as preferred methane diffusion and/or 
bio-oxidation. After a review of previous work and their data, here we suggest that post 
bacterial alteration must have greatly alter the geochemical complexion of YN2 gas and 
conclusions based on current geochemical data should be carefully reviewed and verified in 
future. Bacterial alteration of YN2 gas has been previously reported by others and they 
usually referred to methane oxidation which may not be correct according to observations 
reported by James et al. (1984) who found that methane was less likely to be significantly 
altered by bacteria at greater depths while wet gas components especially propane were more 
likely exposed to bacterial attack. Wet gas components biodegradation in YN2 gas can be 
seen from both natural gas plots (Fig. 1a) and carbon isotopic variation of calcite cement with 
depth (Fig. 1b). As shown in Figure 1a, the gas at the lowest part is most biodegraded and is 
least biodegraded at the shallower depth. The most biodegraded position possibly corresponds 
to paleo-gas/water contact which is common in oil biodegradation zone where intense oil 
biodegradation usually occurs at the oil/water contact. The biodegradation trend with depth 
can be corroborated by carbon isotope profile of calcite cement as shown in Figure 1b where 
calcite depletes more 13C with increasing depth. Taking natural gas biodegradation into 
account will provide explorationist a new opportunity to re-evaluate hydrocarbon 
accumulation and destruction history of the YN2 gas pool and advance the understanding of 
hydrocarbon distribution in the eastern Tarim Basin. 
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 Figure 1.  (a) Natural gas plots of YN2 gases at different intervals after Chung et al. (1988); (b) 
carbon isotopic variation of calcite cement with depth in the YN2 reservoir 
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Products of earlier stages of generation can remain adsorbed or dissolved in the 
macromolecular structure of solid bitumen, and can be an important source of information on the 
generative history.  In this study six solid bitumen samples were collected from the Cambrian 
strata of Kuangshanliang area, Sichuan Basin, China. Bulk stable carbon isotopes were found to 
be <-36‰ and Tmax ranged from 433 to 436oC.  A mixture of hydrogen peroxide and ethanoic 
acid can be applied to release ionically bound compounds from solid bitumen without disturbing 
the covalently-bound moieties in the macromolecular structure (Liao et al., 2006).   
The free/adsorbed compounds were liberated by sequential extraction of n-hexane, acetone 
and methylene chloride. The occluded compounds were released by H2O2/CH3COOH oxidation 
(Liao et al., 2006). The experiment results show that: (1) From the n-hexane extracts, high 
concentration of pregnane and homo-pregnane and basically loss of n-alkanes indicated that all 
six solid bitumens were severely biodegraded; (2) Concerning the adsorbed fraction, a series of 
even n-alk-1-enes, n-alkanes, bicyclic terpenoid sulfides and biomarker compounds were 
detected (Fig.1). The n-alk-1-enes and bicyclic terpenoid sulfides are proposed to be the early 
stage products of geochemical or biogeochemical processes. The carbon number of normal 
alkanes here was close to that previously reported for normal alkanes in the soluble component of 
“rock-forming” bitumen (Huang and Wang, 2008). Consistency of the main maturity parameters 
and contrast of (pregnane+homo-pregnane)/regular sterane ratios (Fig.1-(2)) in the free and 
adsorbed fractions indicated that biodegradation of steranes increased the relative concentrations 
of pregnane and homo-pregnane. The ratio of tricyclic terpane/pentacyclic terpane has similar 
characteristics to (pregnane+homo-pregnane)/regular sterane ratios in the two fractions. 
    The results indicate that the solid bitumen originated from Sinian–Cambrian ancient oil 
reservoirs, that the source rock has entered the early oil-generating stage, and that the solid 
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bitumen is not followed by a higher stage of thermal evolution after its formation. The main 
source of the source rock was algal deposition in a high-sulfur anoxic marine environment. 
Exposed solid bitumen suffered severe biodegradation, altering the tricyclic terpane/pentacyclic 
terpane and (pregnane + homo-pregnane)/regular sterane ratios as compared to the earlier parent 
material. 
 
 
Figure 1. Total ion chromatograms (1) and m/z217 chromatograms (2) from different fractions of 
solid bitumen exemplified by sample B6 (a), (b), (c), (d) represented the n-hexane eluents from 
the n-hexane, acetone, dichloromethane extracts and occluded fraction of solid bitumen, 
respectively 
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The microbial degradation of hydrocarbons in oil reservoirs affects the quality and 
economic value of recovered petroleum products. Recent studies suggest that anaerobic 
biodegradation may play a significant role in situ and evidence for the biodegradation of 
residual oil constituents under methanogenic conditions has been reported (e.g. Jones et al. 
2008). Methane, like other biogenic gases, may aid in oil viscosity reduction and enhance 
flow characteristics through the reservoir matrix. In addition, methane may be used directly as 
a downstream energy source. 
In light of these situations, the aim of this study was to assess the ability of indigenous 
microbial communities from a thermophilic oil reservoir (Dagang oilfield, China) to produce 
methane from crude oil under environmental conditions. The isotopic composition of 
reservoir fluids (H2O, CO2, CH4) was analyzed, and GC-MS fingerprinting was applied to 
assess the effects of biodegradation on the oil composition in the reservoir. Bacterial, 
Archaeal, sulfate-reducing and methanogenic numbers were assessed by qPCR of the 16S 
rRNA, dsrA and mcrA genes, respectively. In addition, microcosms containing either 13C-
labelled n-alkanes or aromatic hydrocarbons were inoculated with production and injection 
waters from Dagang in order to characterize these processes in vitro. 
Analysis of petroleum samples confirmed that the majority of the oils from Dagang 
are highly weathered, and nearly devoid of n-alkanes, alkylbenzenes, alkyltoluenes, and light 
PAHs. Changes are clearly evident in the distribution of molecular markers, when comparing 
degraded and non-degraded samples. Geochemical data from reservoir oil, water and gas are 
consistent with in situ biogenic methane production linked to aliphatic and aromatic 
hydrocarbon degradation. The average δ13C for methane was around -47 ‰ and CO2 was 
highly enriched in 13C (values up to +17.2 ‰). The bulk isotopic discrimination (Δδ13C) 
between methane and CO2 was between 32 and 65 ‰, and is in accordance with previously 
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reported results for methane formation during hydrocarbon degradation (Feisthauer et al. 
2010). 
Subsequent degradation experiments revealed that autochthonous microbiota are 
capable of producing heavy methane from 13C-labelled n-hexadecane or 2-methylnaphthalene, 
and suggest that further methanogenesis may occur from the aromatic and polyaromatic 
fractions of Dagang reservoir fluids. Microbial numbers in oil/water samples from production 
wells were abundant (averaging around 107), and included numbers of methanogenic Archaea 
in the same order of magnitude. In summary, the investigated areas of the Dagang reservoir 
may have significant potential for testing the viability of in situ conversion of oil to methane 
as an enhanced recovery method, and biodegradation of the polyaromatic fractions of the oil 
may be an important methane source. 
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Biodegradation of oils is an inevitable phenomenon whereby the physical and chemical 
properties are altered and hence the quality and quantity of oil get affected (Peters et al., 
2005). The discovery of oil from several Proterozoic successions around the globe is 
promising; however, the evaluation of thermal maturity and biodegradation aspects of these 
oils are necessary since these very ancient oils must have been subjected to several geological 
processes. Crude oil as old as Neoproterozoic-Early Cambrian time has been discovered from 
Bikaner-Nagaur Basin, western India. The Neoproterozoic-Early Cambrian aged Marwar 
Supergroup hosts formations bearing two different varieties of crude oil. Crude oils from 
deeper formations have probably experienced incipient biodegradation (Dutta et al., 2013). 
However, hydrocarbons belonging to younger Upper Carbonate Formation are apparently 
displaying signatures of heavy biodegradation. Three biodegraded oil samples from oil-
stained rocks have been analyzed portraying similar pattern of distribution of the compounds. 
The total ion chromatogram in Fig. 1 is depicting a magnified unresolved complex mixture 
(UCM), quintessential of an extremely biodegraded oil. However, the intriguing observation 
is the presence of normal alkane (m/z 57) right from C14 to C29 with no obvious odd-even 
predominance, particularly in the higher chain alkane range which is exhibiting suppressed 
abundance. Pristane and phytane are present having similar abundance, the pristane/phytane 
ratio being close to 1. Tricyclic terpanes also have an interesting distribution; regular tricyclic 
terpanes range from C21 to C26. These compounds have probably survived degradation but 
reduced in abundance as observed from the chromatogram distribution. Apart from the 
regular tricyclics, novel tricyclic terpanes have also been observed although in low 
abundance and ranging from C18 to C20. The novel tricyclic terpanes, similar to the regular 
tricyclics, are recalcitrant. The vulnerable high molecular weight extended hopanes are 
degraded to an appreciable extent by the process of biodegradation. The low molecular 
weight hopanes are displaying an amalgamated distribution of remnant nondegraded hopanes 
as well as newly formed degraded hopanes. Ts, Tm, C29 and C30 hopanes are clearly detected 
in m/z 191. C26, C28 and C29 norhopanes are observed in m/z 177 which are probable 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 464 -
degradation products of hopanes (Volkman et al., 1983). Steranes are not detectable which is 
puzzling since these are sturdier than the simple structured normal alkanes. However, 
putative C19 norsteranes and tentatively identified pregnane and homopregnane are recorded 
in the present oil samples. C19 norsteranes have been recorded in nondegraded oils as well 
from several locations worldwide and are believed to be derived from sponges. A 
homologous series of secohopanes, ranging from C27 to C34, are present in the samples which 
strengthens the fact that the oils have suffered biodegradation. The assemblage of compounds 
observed in the crude oil samples must have been robust enough for the microbes to “eat” and 
“assimilate” and hence these are leftovers in the oils thus forming markers of biodegradation. 
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In Western Siberia, in Cenomanian, Aptian and Albian sediments, many oils in the 
accumulations penetrated by now have undergone the biodegradation processes (Kontorovich 
et al., 1975 and others). The oil collection studied by the author includes a small group of 
biodegraded oils from Cenomanian deposits. Sampling depth varies from 680 m to 1800 m, 
and reservoir temperature - from 400 C to 700 C. Judging by reservoir temperature, the studied 
oils in varying degrees could undergo the biodegradation processes. Based on 
physicochemical properties, composition and structural characteristics, oils and asphaltenes of 
the studied biodegraded oils were divided into two groups: those of the northern and central 
areas of Western Siberia. The biodegraded oils of the north are less resinous and sulfurous, 
and they are almost devoid of paraffin waxes. The elemental composition of oil asphaltenes 
slightly differ from that of asphaltenes from non-biodegraded oils, only like oils themselves, 
the oil asphaltenes from the northern territories are less sulfurous, and they have more 
heteroatoms. In structural terms, the studied asphaltenes of biodegraded oils in general have 
higher content of naphthenic structures and short aliphatic chains, and, in the central regions 
they on average are characterized by higher content of naphthenic structures as compared to 
asphaltenes of the northern areas and relatively higher degree of aromaticity.  
In asphaltenes of oils from the central areas, the ratio of long and short chains is close to 
2, while in oils from the north areas it is on average - 4. According to EPR spectroscopy, in 
biodegraded oils signal V4+ is detected in trace amounts in some samples. The number of 
paramagnetic centers in the asphaltenes of biodegraded oils from the central areas is on 
average 2 times higher than for the oils from the north. By carbon isotopic composition, the 
asphaltenes of biodegraded oils are isotopically heavier: from -25.0 to -28.8 ‰ as compared 
to non-biodegraded oils (from -27.2 to -31.1 ‰). The asphaltenes of the biodegraded oils are 
notable for their supramolecular structure: they have on average 4 rather than 5 or 6 layers, as 
in the non-biodegraded oils, and, consequently, smaller size of the asphaltene molecule. 
Similarly to hydrocarbon oil components (Kontorovich, Stasova, 1968), the asphaltenes of the 
biodegraded oils from the central regions of Western Siberia in some approximation are close 
to Neocomian and Bazhenov asphaltenes oil marine origin in composition and structure, and 
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the asphaltenes of Cenomanian oils from the north areas are similar in some structural 
parameters to the asphaltenes of continental type (Borisova, 2009). The presence of similar 
characteristics between Albian-Cenomanian oils of the north and the oils from the underlying 
sediments was previously marked by the ratio of vanadium, nickel, and porphyrins 
(Kolganova, Kontorovich, 1966). This suggests that in the northern areas, the vertical 
migration of hydrocarbons (and non-hydrocarbon components) was widely developed that 
seems to be of importance in the formation of oil deposits. 
It is most important that the basic framework of asphaltenes is not subject to 
degradation processes (Arefiev, Makushina, Petrov, 1980; and other), but, according to G.P. 
Kurbsky and his co-authors (Kurbsky, 1987; and other), in the process of destruction, just 
these long aliphatic substituents at the aromatic rings are "eaten" by bacteria. This was 
apparently observed by the author in the present paper – the asphaltenes of biodegraded oils 
as compared to "normal" oils had, on average, greater condensation, higher content of 
naphthenes and short aliphatic chains. 
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The most significant transformation and degradation of crude oils are associated with 
hypergenetic processes. Depending on the severity of physico-chemical and bacterial impact 
on oil in reservoirs and on migration routes, a wide variety of derivatives form, ranging from 
slightly degraded medium and heavy viscous oils to a number of natural bitumens (malthas, 
asphalts, asphaltites, oxykerites, huminokerites). As a result of the loss of light fractions, the 
absolute concentration of elements (V, Ni, Co, Mo, Cr, Cu, etc.) associated with the resin–
asphaltene components significantly increases in crude oils [1]. In addition, the resin–
asphaltene heteroatomic components of oils in contact with lowineralized formation waters in 
the hypergenesis zone are capable of absorbing variable valence trace elements, such as V, Fe, 
and U, from water, thereby leading to their secondary accumulation [1]. 
The present study suggested analyzing and summarizing experimental data using a 
large number of parameters characterizing the physico-chemical, trace-elemental (TE), and 
detailed hydrocarbon (more than 30 compounds) compositions of the fluids. These are 
informative genesis parameters, such as n-alkanes, isoprenoids, arenes, the carbon preference 
index, steranes, hopanes, mono- and triaromatic steranes, V and Ni concentrations, and the 
V/Ni, Ni/Co, and V/Fe ratios. The data on oils from continental-margin oil-and-gas basins 
(OGB) of Brazil, Nigeria, and Russia (Sakhalin Island) have been summarized, and their 
geochemical peculiarities have been shown. These are slightly matured and immature, 
metalean nickel oils generated by the OM of mixed marine and terrigenous facies, occurring 
at a shallow depth in Mesozoic–Cenozoic sediments and characterized by signs of the 
influence of secondary processes of petroleum transformation on migration routes or already 
in reservoirs by the action of formation water in the OWC zones. 
The geochemical study of Cretaceous oils from the Potiguar offshore OGB in Brazil 
revealed the directional dynamics of change in the HC and TE compositions associated with 
ascending lateral migration of hydrocarbons from the source and enhancement of the 
biodegradation processes while approaching the surface reservoirs [2]. Oils from the fields 
occurring near the earth surface are characterized by a higher TE content, high density, the 
absence of n-alkanes and isoprenoids, and increased values of the gammacerane index and the 
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H35/H34 ratio as compared with oils from the fields unaffected by the hypergenesis and 
biodegradation processes. 
A detailed study of oils from Nigerian oil-and-gas basins revealed several informative 
indicators for the diagnosis of fluid affected by secondary alteration processes. These include 
the disappearance of C6 to n-C10 alkanes, a smoother decrease in amount of n-C17 to n-C30 
alkanes, and growth in the isoprenoid and TE contents [3]. The analysis of the light gasoline 
fractions, normal and isoprenoid alkanes, steranes, hopanes, and triaromatic steranes has 
shown different oil biodegradation stages including ten levels, which are due to differences in 
geological conditions [4]. The Miocene oils, which experienced very severe biodegradation, 
are characterized by the degradation of the R-stereoisomer of C27 and C28 steranes; its partial 
degradation for C29 sterane; the presence of the nor-H29, nor-H31, and nor-H32 25-norhopanes; 
and high values of the 20S/(20S+R) and oleanane/hopane ratios along with the complete 
disappearance of n-alkanes and isoprenoids. 
Thus, we have shown that the most informative geochemical indicators that can help 
to reveal fundamental differences of hypergenetic fluids from accumulations of naphthoids of 
another genesis is the ratio of light hydrocarbons (C5–C8); the amounts of n-alkanes, 
isoprenoids, arenes, biomarkers, polycyclic aromatic hydrocarbons; and the concentration and 
ratio of metals, such as V, Ni, and Co. The range of variation in these parameters is 
determined by the degree of biodegradation. The concentration of trace elements increases in 
hypergenetically altered oils. Some trace element ratios also change. The TE content is 
substantially increased by the influence of bottom water. In particular, the V content 
significantly increases, whereby nickel oils (V/Ni  < 1) are transformed to vanadium oils 
(V/Ni > 1). Integration of the organic (hydrocarbon composition) and inorganic (trace 
elemental composition) criteria of secondarily transformed fluids makes it possible to predict 
the physicochemical properties of oils and their metallogeny and to assess on a more sound 
basis the hydrocarbon potential of the region. 
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The major and multi-layered Vankor oil & gas field is located in the north-east of 
Western Siberia. The main hydrocarbon deposits are located in the Lower Cretaceous 
sediments within Nkh-III-IV (K1 b1-v1) and Jak-III-VII (K1 a2-al2) layers. The sedimentary 
mantle thickness in the area of the oil field is 5-6km., while it increases up to 10-12km. in the 
cross-border regions. This factor results in the low heat flow, which in view of permafrost 
conditions, determines the low formation temperatures in the following layers: 30-40 °С in 
Jak-III-VII layers and 64 °С in Nkh-III-IV layers. 
The Jak-III-VII layers and less deep formations include heavy oils (900-915 kg\m3) 
with gas caps. The methane content in gas is more than 98%. The total complex of molecular 
parameters of these oils indicates a rather high biodegradation level. At the same time these 
oils are characterized by absence of isoprenoid-alkanes and unaffected steranes and hopanes 
(4-5 biodegradation level according to Biomarker biodegradation scale [1]). 
The formation layer Nkh-III-IV is of particular interest.  It is a bedded roof reservoir 
with a gas cap and marginal OWC. The gas/oil contact (GOC) is determined at the absolute 
mark of 2716 m and water\oil contact (WOC) is confined to the absolute mark of 2760 m. 
Density of wellhead oil samples changes within the range of 825-858 kg/m3. Fluid sampling 
process with Modular Dynamic Tester (MDTTM) indicated a rather distinct decreasing 
variation of GOR from GOC to OWC (Fig.1). Heavier oil involves the same process. Samples 
from the middle and lower reservoir sections indicate distinct traces of biodegradation (0-1 
levels); while samples with OWC have biodegradation level near to overlying deposits.  The 
oil alteration and dissolved gas content decrease in the oil itself further the changes of the oil 
composition.  
Deeper the depth, the gas becomes lighter (dry gas) and the ratio С1/С2+, С2/С3, i-C4/n-
C4 increases, i.e. gas acquires the specific properties of dissolved gases in biodegraded oils. 
Moreover, the isotope composition of carbon gases changes.  It should be noted that the 
isotope composition of methane, ethane and iso-butane practically does not change, while the 
propane and n-butane composition becomes 2-times heavier. The weighting of propane and n-
butane isotope composition in gases has been repeatedly noted [2, 3, 4, and 5]. There are 
possibly two different mechanisms that explain this phenomenon. From the one side, 
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microbial activity favors enrichment of metabolism products in light isotopes since the bonds 
involving the lighter isotope are easier to break (the C12-C12 bond is easier to attack than the 
C12-C13). Consequently, methanogen, ethanogen and propanogen bacteria, which in its turn, 
uses metabolism products for life-sustaining activities, should generate light-isotopic 
methane, ethane and propane. In other words, biogenetic gases (newly-formed gases) can not 
be isotopic heavier than the source oil itself.  From the other side, not only the liquid oil 
components, but also the dissolved gases in the oil are exposed to microbial degradation, 
where the molecules with C12-C12 bonds are primarily removed, while the remaining gas is 
enriched with heavier carbons. In our case, the δC13 value of propane is 18.3%о, whereas in 
the following article [2] this value was 2.6%о. It is possible that under deep degradation the 
δC13 value of propane could be positive (more than zero).  
Our findings compare favorably to those stated in the second position. It is obvious 
that the biochemical utilization rate remove gases in the order:  propane, n-butane, iso-butane 
and ethane. Thus, the residual accumulation of heavier-isotopic molecules in gases will 
increase in inverse order: from ethane to propane. 
 
Figure 1. Changes of the oil and dissolved gas properties in the layer cross-section Nх-III-IV. 
Biodegradation level of oil changes from unbiodegraded (at top) to moderate (near OWC) in 
accordance to the Biomaker scale  [1]. 
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The anaerobic oxidation of hydrocarbons in crude oil reservoirs leads to a quasi-
sequential removal of saturated and aromatic compounds by microorganisms (Head et al., 
2003). Furthermore, the preferential removal of certain isomers of stereogenic constituents 
has been observed in crude oils (Bastow et al., 1998; Peters et al., 2005). For a better 
assessment of biodegradation, the determination of enantiomeric ratios of short-chain 
stereogenic alkanes and alkylaromatic compounds which occur source-unrelated might be a 
suitable tool. This takes into account, that enantiomeric ratios are not affected by unspecific 
abiotic processes such as water washing. To evaluate the feasibility of this concept, one 
Angolan and one Chinese biodegradation sequence of crude oil were investigated, whereby 
samples were selected according to their estimated biodegradation level using various 
biodegradation parameters. Here we present preliminary results on the characterization of 
stereogenic alkanes and carboxylic acids by chiral GC-FID. 
The analysis of short-chain stereogenic alkanes was conducted on aliquots of the 
whole crude oils. The principal applicability of the method was demonstrated using pure 
standards. However, due to a huge number of unidentified interfering compounds, the 
enantiomeric ratios of 2,3-dimethylpentane, 3-methylheptane, 3-methyloctane and 4-
methyloctane could not be determined for the crude oil samples. In contrast, no coelution was 
observed for 3-methylhexane, although the variations of the enantiomeric ratios of both 
biodegradation sequences did not correlate with standard biodegradation parameters.  
Aromatic hydrocarbon fractions of crude oil were derivatized by Ruthenium-ion-
catalyzed oxidation (RICO), which transforms alkyl substituted carbon atoms in aromatic 
rings selectively into carboxy groups. Thus, from the detection of carboxylic acids with 
different alkyl chain lengths, the existence of alkylaromatic compounds, binding this alkyl 
side chains, can be inferred. The resulting mixtures of carboxylic acids were analyzed by GC-
MS and chiral GC-FID. By comparison with authentic standards, a broad spectrum of 
n-carboxylic acids, certain 2-, 3- and 4-methylcarboxylic acids, 2-ethylhexanoic acid and 
cyclohexanecarboxylic acid were identified. n-Carboxylic acids with chain length ranges from 
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C3 to C18 and from C3 to C13 predominated in the Chinese and the Angolan crude oils, 
respectively. Selected ratios of branched over unbranched acids [2-Me-C7-acid/(2-Me-C7-acid 
+ n-C8-acid), 3-Me-C8-acid/(3-Me-C8-acid + n-C9-acid), 2-Me-C9-acid/(2-Me-C9-acid + 
n-C10-acid), and 2-Me-C10-acid/(2-Me-C10-acid + n-C11-acid)] showed a positive correlation 
with the i-pentane/n-pentane ratio for the crude oil samples from China, while the Angolan 
samples correlate consistently negative (Fig. 1). Interestingly, the biodegradation sequence of 
Angolan crude oils reveals a faster degradation of branched than of unbranched alkylaromatic 
compounds. For elucidating the enantiomeric ratios of stereogenic methylcarboxylic acids, a 
chiral GC-FID analysis was performed. Unfortunately, so far no enantiomeric ratios could be 
determined due to a complete or partial superimposition of all target compounds with 
unidentified substances.  
By modifying and optimizing the procedures of analysis, this approach has the 
potential for an easy and reliable investigation of enantiomeric ratios of short-chain, 
stereogenic hydrocarbons in crude oil for a better assessment of biodegradation. 
 
Figure 1. Cross plots of 2-methylnonanoic acid / (2-methylnonanoic acid + decanoic acid) 
versus isopentane / n-pentane for the sample sets from China (left) and Angola (right). 
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The petroleomics methodology has allowed a more precise and fast characterization of 
petroleum constituents for the determination of the elemental composition of heteroatoms 
containing species (N, S and O)[1]. These components, which are produced from hydrocarbon 
biodegradation, negatively affect oil production and refining operations, also reducing oil 
value. Petroleomics parameters have not been used to differentiate the acidic composition or 
the biodegradation degree in sedimentary facies of the same formation. This discrimination is 
interesting because it can provide more information about the reservoir content, mainly in the 
heterogeneous distributions of nonhydrocarbons, that can be controlled by geological features. 
Thus, the aim of this work is to differentiate the acidic composition in tar sands from eolic 
sedimentary facies of Pirambóia Formation, Paraná Basin, Brazil, using the O2 class 
compositional variation, obtained by ESI(-) LTQ XL Orbitrap analysis. 
To accomplish this work, eight outcrop rocks samples were selected, two from each 
sedimentary eolic facies: dry interdune (S12 and S14); foreset of dune (S26 and S28); wet 
interdune (S03 and S04); bottomset of dune (S27 and S33). First of all, the oil was extracted 
from the rock sample with dichloromethane using Soxhlet extractor. The acid fraction was 
obtained by KOH modified silica gel column chromatography, eluted with ether (neutral 
fraction) and ether:formic acid (20%) (acid fraction). These were typically dissolved at 0.5 mg 
mL-1 in toluene:methanol (1:1 v/v) with 0.5 % of NH4OH for ESI (-) analysis by ESI LTQ XL 
Orbitrap. 
In studies about the Athabasca Canadian bitumen, Smith et al. (2008) found that raw 
bitumen mainly contains acids from DBE = 1-10 with  ̴ 25-46 carbon. In this work, we found 
that the acid fraction of tar sands mainly contains acids from DBE = 1-15 with  ̴ 10-46 carbon 
(Figure 1). The most different distribution of O2 class species was observed in the dry 
interdune facies, which display narrower carbon number range, almost not showing species 
with carbon number less than 20, and showing less acidic species with other values of carbon 
number. This facies is the most near-surface, and thus most exposed to post-accumulation 
processes[3], such as biodegradation and water washing, which may have caused the depletion 
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of some acidic species. The O2 class distribution to acid fraction from foreset of dune facies 
extend higher carbon number than the others. The O2 class distribution to acid fraction from 
wet interdune and bottomset of dune facies is almost similar, but very different from the 
others. Analyzing the carboxylic acid ratios (Table 1) of compounds with DBE 4 (tricyclic 
terpanoic acids)/ DBE 3,  DBE 6 (hopanoic acids)/ DBE 3, DBE 8 (naphthalenic acids)/ DBE 
3 (bicyclic acids, more abundant), higher values to samples 12 and 14 from dry interdune 
facies are observed. Probably, this is due to the consumption of acidic species less complex 
(DBE 3) in the biodegradation process, which shows the higher level of biodegradation to this 
facies. 
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Figure 1. Plots of DBE versus carbon number for O2 class species of acid fraction. 
 
Table 1. Ratios of compound class in tar sands samples. 
DBE S12 S14 S26 S28 S03 S04 S27 S33 
4/3 0.97 1.28 0.60 0.61 0.46 0.44 0.42 0.61 
6/3 1.10 1.77 1.15 0.91 0.66 0.78 0.76 0.56 
8/3 1.16 1.68 0.60 0.41 0.47 0.53 0.44 0.27 
 
 We can conclude that is possible to differentiate the acidic species composition in 
severely biodegraded oils among sedimentary facies of the same formation using 
petroleomics parameters. In this work, we founded that the oil from dry interdune facies has 
the most different acidic species composition (O2 class distribution), and that this facies was 
more exposed to the biodegradation process. 
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Asphaltenes are generally considered to have larger molecular weight, more complicated 
compositions and structure than other crude oil fractions. The microbial susceptibility of 
compounds with linear alkyl chains, such as n-alkanes and fatty acids in crude oils is well 
known. However, it is not clear how asphaltenes are altered during biodegradation. In our 
study, both maltene and asphaltene fractions of a sequence of biodegraded oils from Liaohe 
oilfield with various biodegradation levels were first studied using negative ESI FT-ICR MS 
(Liao et al., 2012). The results showed that the distributions of acidic and neutral polar NSO 
compounds in both maltene and asphaltene fractions, such as fatty acids and 
dibenzocarbazoles, were also altered in biodegradation. These compounds detected in 
asphaltene fractions by FT-ICR MS are considered to be bonded to asphaltene 
macromolecules by hydrogen bond and may be co-precipitated during deasphaltene process. 
Nevertheless, true asphaltenes are thought to be compounds with large molecular weight or 
weak polarity, and they may not be ionized by ESI. It is difficult to judge whether and to what 
extent the alkyl chains covalently bonded to asphaltenes are altered during biodegradation 
only based on FT-ICR MS results. Thus, quantitative Py-GC FID was used to monitor the 
alteration of alkyl side chains on asphaltene molecules during biodegradation. 
n-Alkanes/n-alk-1-enes in pyrolysates of Py-GC FID are normalized by weight and TOC. 
Briefly, a set of ten tar sand bitumens, assigned in the range of 2-8 on the Peters and 
Moldowan scale (2005, abbreviated as PM level in the following text), were separated into 
maltene and asphaltene fractions. The purified asphaltenes were performed using a CDS 5000 
pyroprobe with short chains and long chains methods, respectively. To release short chains 
gaseous products (C1-6) and liquid long chains (C7+) pyrolysates, asphaltenes were 
programmed from ambient to 800 oC and 650 oC, respectively, and were kept for 10s.  
Figure 1a shows the distribution of gaseous products (C1-4) with different biodegradation 
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degrees. It seems that C1-4 gaseous products released from asphaltenes with various 
biodegradation are rather stable. Only very slight increase in gaseous products can be 
observed. The distributions of long chain pyrolysates (C7+ n-alkane/n-alk-1-ene) released 
from asphaltenes with different biodegradation degrees were exhibited in Figure 2b. C7+ alkyl 
chains in asphaltene structure are rather stable during biodegradation. In the range of PM 
level 2.0 to 4.0, C7+ n-alkanes/n-alk-1-enes only show very slight decrease with increasing 
biodegradation. Such decrease may be attributed to the progressive consumption of 
co-precipitated fatty acids, not alkyl chains of asphaltenes themselves. Nevertheless, in the 
range of PM level 5.5-8.0, there is an increase in C7+ n-alkanes/n-alk-1-enes with increasing 
biodegradation. Since fatty acids in asphaltene fractions are not detectable by FT-ICR MS 
above PM level 4, it may be attributed to the progressive removal of cyclic polar compounds 
such as dibenzocarbazoles and naphthenic acids at severe biodegradation stage.  
  
(a)                                                     (b) 
Figure 1. The distributions of (a) gaseous products (C1-4 n-alkane/n-alk-1-ene) and (b) liquid 
pyrolysates (C7+ n-alkane/n-alk-1-ene) of asphaltenes at various biodegradation degrees. 
 
It seems that alkyl side chains on asphaltene macromolecules are much more recalcitrant 
to biodegradation than free n-alkanes and fatty acids which also have linear alkyl chain 
structure. It is the progressive removal of co-precipitated compounds during biodegradation 
that have led to compositional and structural changes in asphaltenes. Alkyl side chains in 
asphaltene molecular structure change little even at severe biodegradation stage.  
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The Basque-Cantabrian Basin, in northern Spain, has been widely oil-explored since the 
1960s and constitutes the unique onshore location with hydrocarbon production in the Iberian 
Peninsula. Occurrence of oil-impregnated Late Jurassic tar sands in the western part of the 
Basin led to the discovery of the Ayoluengo oil field, still in production. Geochemical studies 
determined that the source rocks of the Ayoluengo oil are the black shale levels from the 
Toarcian-Pliensbachian (Early Jurassic). Likewise, it has been reported that the hydrocarbons 
from outcropping tar sands nearby the Ayoluengo oil field are also genetically related to the 
Early Jurassic black shales. Nevertheless, exhumed reservoirs are abundant throughout the 
Basin: in the eastern margin numerous oil-impregnated Late Cretaceous carbonates and sands, 
generally associated with diapiric formations, occur. The origin of the hydrocarbons from the 
eastern part of the Basque-Cantabrian Basin remains uncertain and thus, a geochemical 
investigation (GCMS Full Scan, δ13C) has been carried out in order to elucidate it.  
A set of eight samples proceeding from four different eastern outcrops (Loza, Maestu, 
Atauri and San Román de Campezo) have been studied and compared to the hydrocarbons 
from the western part of the Basque-Cantabrian Basin: the both Jurassic tar sands (Rampalay) 
and shale source rocks (Cordovilla), and the Ayoluengo oil.  
Hydrocarbons from the eastern part of the Basque-Cantabrian Basin are characterized 
by having been affected by severe biodegradation processes which led to the removal of n-
alkanes, isoprenoids, naphthalenes, phenanthrenes, dibenzothiophenes, steranes, pentacyclic 
hopanes and even the alteration of diasteranes, triaromatic and monoaromatic steroids. 
According to PM scale, studied samples range from 7 (Loza samples) to 10 (Atauri and 
Maestu). There is one sample (San Román de Campezo) which shows a lesser biodegradation 
degree (PM=2) with partial loss of n-alkanes and isoprenoids but preservation of PAHs. 
However, the presence of C27-C33 25-norhopanes in San Román de Campezo indicates that 
these hydrocarbons consist on a mixture of a non-degraded oil and a severe degraded oil 
(PM>6), in which hopanes must have been degraded before steranes.  
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Carbon isotopic signatures of the eastern samples differ in about 3‰ from that of the 
hydrocarbons from the western part of the Basin, suggesting that they are not genetically 
correlated. Indeed, in the eastern samples, source-related biomarkers as high Gammacerane 
content, diasteranes/steranes, C35/C34 homohopanes, C29/C30 hopanes and Ts/Tm ratios 
suggest that these hydrocarbons are derived from a carbonated rock deposited in a reducing, 
water-stratified and probably hypersaline environment. Nevertheless, such information has 
only been determined in the less biodegraded samples (mainly in San Román de Campezo) 
and a study of the major hydrocarbon compounds becomes necessary.  
Within the severely biodegraded samples (Loza, Atauri and Maestu) dominant peaks in 
the total ion current (TIC) mass chromatograms of the saturated fraction appear at high 
retention times and have been identified as series of C34 to C39 hexacyclic and heptacyclic 
alkanes. This paper focuses on the presence of these compounds. Similarly, in the aromatic 
TIC mass chromatograms unusual polycyclic aromatic hydrocarbons have been detected.  
The structure of the C34 to C39 hexacyclic and heptacyclic alkanes agree with those 
described previously in the Western Canada Sedimentary Basin where these compounds seem 
to be specific markers for Ostracode Zone-sourced oils.  
In our study, the presence of hexacyclic and heptacyclic alkanes in the hydrocarbons 
from the eastern part of the Basque-Cantabrian Basin may allow us to both deduce more 
characteristics of the source rock and enable correlation among highly biodegraded 
hydrocarbons from exhumed reservoirs throughout the Basque-Cantabrian Basin.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure:  
TIC mass chromatograms of the 
saturated fraction of several 
samples from the eastern part of 
the Basque-Cantabrian Basin: 
(a) San Román de Campezo 
(PM=2), (b) Loza (PM=7) and 
(c) Atauri (PM=10). (d) Detail 
of the peaks appearing at high 
retention times in the most 
biodegraded samples. These 
compounds seem to be 
unmasked with biodegradation 
and have been identified as 
hexacyclic and heptacyclic 
alkanes up to 39 carbons. 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 479 -
OIL AND GAS SEEP DEGRADATION AND WATER WASHING NEAR 
TURZOVKA, CARPATHIAN FLYSCH BELT, NW SLOVAKIA 
 
Juraj MACEK1, Juraj FRANCU2* and Jan MILICKA1 
 
1. Comenius University of Bratislava, Dept. Geochemistry, Mlynska Dolina, G, 842 15 
Bratislava, Slovakia 
2. Czech Geological Survey, Leitnerova 22, 60200 Brno, Czech Republic 
*) Corresponding author:  juraj.francu@geology.cz 
 
An oil- and gas seep occurs in NW Carpathians between Predmier and Nizna Korna 
villages near Turzovka on a slope ca 110 m above the state road and the local Kornianka 
creek. The seep site is located in the Magura nappe of the West Carpathian Flysch Belt.  Oil- 
and gas shows attracted drillers and small oil accumulations were discovered at depths of 100 
and 500 m at the beginning of the 20th century. The seep creates a 2 m wide puddle, where 
water, oil and gas flow to the surface at 0.1 – 0.2 l/s rate. An oil film forms on the water 
surface with rusty-red to dark brown and greenish microbial mats. Bubbles of natural gas rise 
to the water surface in irregular intervals. The seep water and oil drain away to a narrow 
trench and disappear underground ca 50–60 metres downhill. The soil in the adjacent seep 
surroundings and along the drainage trench is infiltrated by the crude oil. Oil, natural gas and 
soil samples from 90 cm deep probes were collected and analysed for saturated and aromatic 
hydrocarbons by GC-FID and GC-MS and carbon isotopes.  
The seep gas consists of 68% methane, 0.94% ethane (C2), and 1.1% propane (C3). 
The methane carbon isotopic composition (13C C1) of -35,4‰ VPDB indicates thermogenic 
origin. The seep oil (Fig. 1 top) consists of C10-31 hydrocarbons, C5-10 are low due to 
evaporation. Pri/Phy of 2.37 suggests oxidizing conditions in the water column during 
deposition of the source rocks (Milicka and Macek 2012). Alteration of oil is documented on 
a set of soil samples from probes taken at several depth intervals and increasing distance from 
the seep. Increasing biodegradation is manifested as selective removal of n-alkanes and 
leaving isoprenoids behind along with general decrease in extractable OM. Light homologues 
degrade first, those around C33+ are the most resistant and still are found in the deepest (92 
cm) layer below surface and ca 20 m away from the seep. 
Aromatic HC are more soluble in water a therefore sensitive to water washing. The 
sequence of aromatic fingerprints in Fig. 1 (right) include naphtalene (N), phenanthrene (P), 
there methyl-, dimethyl-, and trimethyl-homologues, and retene (R). They show a systematic 
decrease in the lighter molecules and relative enrichment in dimethyl- and trimethyl-
phenanthrenes.  
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The observations document the efficiency of biodegradation and water-washing within 
a distance of a few tens of meters along the stream and less than a meter penetration of oily 
substances into the soil.  
 
 
Figure 1.  Saturated (SAT) and aromatic hydrocarbons (ARO) fingerprints of the Korna oil 
seep and its biodegradation, water-washing, and evaporation in soil horizons as a function of 
distance from the oil source. 
 
 
REFERENCES 
Milicka J., Macek J., 2012: Historical and geochemical outlines of the oil-gas seepage near 
Turzovka town; Flysch Belt, NW Slovakia. Acta Geologica Slovaca, 4, (1), 7–3. 
 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 481 -
OIL GRUPS WHITHIN THE ORINOCO OIL BELT GENERATED BY 
DIFFERENTIAL BIODEGRADATION 
 
Carmona VERÓNICA* and Torín LENNY 
 
1, 2. PDVSA Intevep. 
*) Corresponding author: carmonavl@pdvsa.com 
 
During the process of quantification and certification of the Orinoco Oil Belt 
reserves (FPO), core (262) and oil samples (100) were collected. They were  analyzed 
for API gravity, weight percent of sulfur, nickel, and vanadium, SARA, C15+ saturate 
fraction gas chromatography, aromatic markers, and biomarkers. Based on biomarkers 
crudes were classified into three groups by means of m/z 191, 177, 218, and 217 mass 
chromatograms. These groups show different degrees of alteration, where two trends of 
degradation of the homohopanes are remarkable, that is to say, one trend with and the 
other without the formation of 25nor-hopanes, as it has been previously reported by 
Peters et al. (1996).  
As with the homohopanes series, the alteration of the tricyclics terpanes in the 
study area seems to follow two trends. The first trend involves an alteration that initiates 
during the demetilación of hopanes, before the degradation of steranes, and continues 
even when steranes have been totally removed. In this case tricyclic terpanes are 
produced, whereas, the second trend involves the degradation of homohopanes and 
steranes without the alteration of the tricyclic terpanes.  
Some authors (Connan, 1984; Lin et al., 1989) suggest that tricyclic triterpanes 
can be altered at about the same rank of biodegradation as the diasteranes, that is to say, 
greater than 8 on the biodegradation scale of Peters and Moldowan (PM) and are 
eventually removed completely. However in the study area we established an agreement 
with the proposal of Alberdi et al. (2001), who concluded that terpane demethylation 
occurs during sterane destruction and hopane demethylation, though at a slower rate. 
The occurrence of either biodegradation trend seems to be determined by the depth and 
geographic location of the samples and it is therefore related to specific reservoir 
conditions.  
The existence of samples with unaltered linear paraffins with 25nor-hopanos and 
severely degraded steranes is a clear indication mixture of crudes and supports the 
existence of more than one pulse of crude generation. Each pulse supplied its crude to 
the same reservoir at different times, perhaps with different migration routes. 
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Within the FPO, the geochemical results seem to reveal different source rocks or 
at least different organic facies inside the same source rock. For example, in the 
Carabobo block some oils samples have a 4MDBT>2+3MDBT<1MDBT pattern (called 
V pattern) for the methyldibenzothiophenes series, whereas other samples show a 
4MDBT>2+3MDBT>1MDBT pattern (called stair-step pattern). According to Hughes 
(1984) the presence of a definite V pattern for the methyldibenzothiophenes generally is 
associated with oils from predominantly carbonate source rocks, whereas a stair-step 
pattern is associated with predominantly siliciclastic source rocks or advanced maturity 
(late- to post-oil window) oils from carbonate sources. 
Although the mixture of oils and the contribution of different source rocks have 
compositional effects, the dominant process that seems to be the cause of the main 
compositional variations within the FPO is differential biodegradation of compounds.  
Temperature, pressure, availability of water, and oxygen among other factors change 
from a reservoir to other one and are the cause behind the different biodegradation 
trends. This work has revealed at least 3 different stages of oil biodegradation for 
equivalent levels of the PM scale.  
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It is common to use biomarkers in correlation and post- depositional transformation studies on 
organic matter. However, with increasing maturity, the biomarker compounds only make up negligible 
part of oils and condensates (ppm/ppb) and one may be concerned to what extent these compounds are 
representative of the total oil. Problems are related to high maturity oils devoid of biomarkers, “pick 
up” of biomarkers during migration and “intra-reservoir” contamination of condensates (with very low 
biomarker contents) by in-situ biomarkers from mudstones and siltstones in the reservoir, and also 
mixing of an oil with a later arriving condensate. A similar problem relates to residual “dead black oils” 
in so-called dry structures, which may contain relatively high proportions of biomarkers as black oils 
are normally of moderate maturity. If such a dry structure later receives light oil or even condensate or 
gas from another source rock, the biomarkers would not necessarily represent the volumetrically most 
important recent petroleum phase. This is an important issue in “multi source rock basins” like in the 
Barents Sea.  
It is into this discussion that the light hydrocarbon (LHC) compounds and their derived 
parameters fit in nicely as the LHCs (C4-C7) make up a significant volumetric portion of live oils. 
This paper examines the LHC contents and distribution patterns of oils from the E-block Fields 
(Embla, Ekofisk, and Eldfisk), Norwegian sector and some J-Block Fields in the UK sector of Central 
North Sea, with the main focus to examine the petroleum system relationships of the Embla Field 
independent of the higher boiling hydrocarbons (such as biomarkers). This study sheds light on oil-oil 
family relationships to study the organo-facies of the source rock, maturity and transformation 
processes such as biodegradation. 
The oil samples were analysed by Gas Chromatography (GC-FID) for quantification of 
individual hydrocarbon components. The relative peak heights of the relevant LHC compounds were 
then determined and ratios calculated as proposed by Halpern (1995) and Thompson (1987).  
The results of the LHC correlation parameters (Halpern, 1995) of most oils from the 
Norwegian Central North Sea Graben show in general the same distribution suggesting an overall 
strong genetic source rock relationship between them – including the J-block oils from UK. In contrast, 
the transformation parameters (Fig. 1a and b) indicate stunningly different post generative histories for 
the various oils in particular with respect to water solubility effects. Our results demonstrate that the 
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produced oil of the Embla Field is sourced from the same organo-facies as that of Ekofisk and Eldfisk, 
albeit a slight difference exists with respect to Eldfisk, which may represent a secondary source rock 
input to Eldfisk, or alternatively, a phase fractionation effect. More work is recommended into this 
issue. Our conclusion is that all the investigated sub-compartments of Embla contain LHCs sourced 
from the Mandal Fm. which migrated into the trap system as one event in a uniform way indicating 
generally very good lateral continuity of the strata from which they are today produced.  
The most notable aspect of the Embla oils concerning the LHC distribution is the reduced 
relative concentration of toluene (ratio Tr1), which we conclude to reflect that the Embla oil did 
migrate on the Skrubbe fault in association with hot deep-derived waters which effectively stripped 
toluene from the Embla oils. This indicates that reactivated deep-rooted faults in the North Sea may 
communicate with deep waters and that they have also acted as migration conduits for some oil fields 
– providing an interesting example of oil-water interaction. Concerning the deep Central Graben 
petroleums of the J-Block, these all seem to be non- modified high maturity samples. 
Figure 1: a) Comparison of Embla (EM), Ekofisk (EK), Eldfisk (EL) & J-bolck (JD, JN) oils plotted 
on transformation star diagram. The numbers at the apex of the axes (Tr1-Tr8) are the endpoint values 
of the individual ratio (Halpern, 1995). b) A version of a Thompson diagram with ‘Paraffinicity’ and 
‘aromaticity’ parameters for the interpretation of the transformation processes of Central Graben 
samples (some samples from the Haltenbanken and Barents Sea are included for comparison). 
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Western Western Anatolian graben basins are filled with continental sediments and 
minor carbonates deposited in lacustrine, alluvial, and fluvial environments. Indıvudial 
grabens are composite basins and comprise multiple depocenters or subbasins, with sediment 
thickness rarely exceeding  3000 m (9843 ft). A number of hydrocarbon occurences are 
reported from the basin. Regional geologic framework justifies these occurences by providing 
a generous heat budget, good quality source rock, fair reservoir seal sequences, and suitable 
traps, although no economically producible reserves have been discovered to date. The rich 
source rock with an average total organic carbon of 2.34% and hydrogen index up to 800 
mg/g is oil and gas generative at maturation. However, the composite nature of the grabens 
controlled the stratigraphic variability and led to sporadic distribution of the lacustrine 
deposits hosting the source rock facies in the basins. The depth of burial is generally 
insufficient (<2000 m [6562 ft]) for the source rock to effectively generate and expel 
hydrocarbons. This limitation was locally overcome by additional heat input into the system 
through deep-reaching faults, volcanism, and/or after volcanic hydrothermal circulation. 
Thermal maturity of organic matter effectively increases in the vicinity of the major border 
structures, volcanic rocks, and zones of  polymethallic mineralization, yet this effect is 
typically constrained within a narrow zone adjacent to heat source and diminishes within 
short distances. Thus, the hydrocarbon system remains regionally inefficient. Exploration 
succes in the region depends on the discovery of  deeper  Neogene depocenters that could 
provide sufficient source rock burial depths.  
 
Key Words: Petroleum system, hydrothermel oil, source rocks, Western Anatolian graben, 
Turkey  
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The Songliao basin lies in the northeastern part of China with a total area of 260 thousand 
square kilometers, and it contains the largest oil discovery in China to date, the Daqing oilfield. 
The basin is predominantly filled with Cretaceous sediments overlain by much thinner layers of 
Tertiary and Quaternary strata.  Petroleum accumulations are not restricted to oil, as evidenced 
by considerable natural gas discoveries in the shallower Cretaceous strata. In 2010, gas 
accumulations were found for the first time in the Heidimiao layer of Xingshugang in 
Changyuan tectonic zone.  Only oil accumulations have previously been encountered in this 
horizon. Carbon isotopic analysis identified that the gas reserves were oil-associated, with 
significant implications for further exploration of the basin.  
Oil associated gas is the portion of gas which partitions out of solution at sufficiently low 
temperatures and pressures.  Subsequent migration of this lower viscosity, more buoyant 
fraction can lead to accumulations in sediments unreached by oil. The loss of the gas inevitably 
reduces the GOR of the remaining oil. The initial GOR in the Northern Songliao Basin is 
generally low, between 11 and 91m3/t. The initial GOR Xingshugang oil field is 41.8m3/t, 
indicating that the Songliao basin oils are relatively depleted in gas. 
The crude oil n-alkane molarity is one of the most effective methods that judge whether 
the crudes experienced secondary alteration. Its principle is that n-alkane carbon number and its 
molarity is an exponential relationship, and there will be a straight log-linear plot if the crude oil 
has not experienced fractional distillation, referred hereafter as ground state oil. The n-alkane 
molarity will change when the crude experiences various secondary alteration. Using this 
method, we divided the crude in Songliao Basin into four types according to the degree of 
secondary alteration: ground state oil, which has not experienced fractional distillation; oil 
which has only experienced fractional distillation; oil which has experienced both fractional 
distillation and gas washing; and oil which has experienced serious fractional distillation and 
gas washing (Fig 1).  The ground state oil is relatively less in Songliao Basin. When crude oil 
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experienced serious 
fractional distillation, it is 
usually accompanied by gas 
washing. The degree of 
secondary alterations varies 
among different areas of the 
Songliao Basin.  Judging 
from the plane, the 
Heidimiao oil layer in 
Gulong Depression 
experienced the serious 
secondary alterations where crude all experienced fractional distillation and gas washing; but 
surrounding Gulong Depression only examples of fractional distillation are evident, such as 
crude of Lamadian Oilfield, Xingshugang Oilfield and Punan Oilfield. The reason is that 
Gulong Depression is the main hydrocarbon generation sag, and Ro is usually 1.2-1.65% 
providing additional gas to ‘wash’ oil reservoirs. Nearer to the hydrocarbon-generating center, 
the secondary alteration of oil reservoirs is greater, and the lost lighter hydrocarbon component 
can accumulate in favorable shallow areas. We speculate that the Heidimiao oil layer in Gulong 
depression is another area favorable for accumulation of oil associated gas. 
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The Songliao basin lies in the northeastern part of China with a total area of 260 
thousands square kilometers. The Cretaceous sediments dominated in the basin, with much 
thinner layers of Tertiary and Quaternary strata. In the early 1980s, petroleum degraded gas 
reservoirs were discovered in Saertu oil layer of the western slope of Songliao Basin, such as 
Alaxin oil-gas field, Erzhan gas field and Pingyang oil-gas field. Because of their small scale 
and the hard forming conditions, they did not be significant attention. In 2010, it obtained 
commercial gas flow in Puqian23 well of Heidimiao oil layer in Putaohua oilfield of 
Changyuan tectonic zone, and δ13C1 value is -61.48‰, δ13CCO2 value is 0.56‰, which 
belongs to petroleum degraded gas, indicating that the petroleum degraded gas has the 
resources potential in Songliao basin, so study on forming conditions of petroleum degraded 
gas is very important significance for exploration deployment. 
The generation of petroleum degraded gas can’t be separated from microbial activity, 
and the well temperature generally is not more than 65℃ in the 1400m to shallow reservoir of 
Songliao Basin, it is suitable for microbial survival. Now the petroleum degraded gas 
reservoirs are mainly distributed in 400-900m, the average porosity is more than 30% and the 
permeability can reach to hundreds milli darcy, so the formation water in reservoir and surface 
water can be easy connected, bring microbial needed nutrients, and microbial activity can last 
for gas supply, form a certain scale of gas reservoir. 
Degraded crude oil is related to the surface water intrusion, there are two kinds of way 
intercommunication shallow reservoir water and surface water. One is by the fault, such as 
Punan oilfield. The other is by the updip reservoir, such as Western slope zone. 
The degraded crude oil of Punan oilfield is characterized by the high degradation degree 
of upper oil layer and relatively low degradation degree of the lower oil layer, distribution of 
n-alkanes of some crude oil in the chromatogram is still complete. This is because that surface 
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water is connected with reservoir water by the fault, and microbial activity in upper formation 
water is more active. Punan oilfield belongs to structure – lithologic gas reservoir, there is no 
unified oil-water interface, and is stratified distribution. The petroleum degraded gas in 
Heidimiao oil layer of Aonan oilfield is similar to Punan oilfield, not only crude oil in 
Heidimiao oil layer is suffered from bacterial degradation, but also natural gas is subjected to 
the degradation, gas reservoir of propane carbon isotope common invert. 
Degradation characteristics of crude oil of Western slope zone are opposite to Punan 
oilfield, the upper oil degradation degree is relatively low, and the lower oil degradation 
degree is high. Due to surface water is connected with oil layer water by updip reservoir, the 
crude oil near oil-water interface is suffered from degradation firstly and relatively serious. 
Alaxin oilfield in Western slope zone belongs to litho-structural reservoir, it has unified 
oil-water interface and obvious heavy oil ring at its surrounding and bottom. Du621 well is 
located on gas-oil surface, we got gas sample and crude oil sample from Du 621 well, the gas 
sample is typical petroleum degraded gas, the crude oil sample is suffered from degradation 
seriously and had no n-alkanes distribution in the chromatogram. 
For shallow burial depth of petroleum degraded gas reservoir, natural gas is easy to be 
lost, it can be form gas reservoir when the gas generated quantity is more than the loss 
quantity. So the storage conditions are also very important, and weak tectonic activity is 
beneficial. 
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Russia continues to possess vast oil resources and significant petroleum potential, 
despite substantial depletion of oil reserves  at  the most productive fields.  
The main regions that contribute to the replenishment of Russia’s petroleum 
resources include West Siberia, East Siberia (Sokha Republic), Volga-Urals, Timan-Pechora 
petroleum-producing province. They are the largest and most prospective of reserves and 
petroleum potential offshore areas of Arctic and the Far Eastern shelves.  
Modern researchers recognize 12 petroleum-producing provinces within territory of 
Russia. The most important comprise West Siberia, Volgo-Urals, and Timan-Pechora. In 
fact, 63 out of 65 large and unique oil fields were discovered within these three provinces.  
In the West Siberia 49 giant and unique oil fields have been discovered within the 
province.   Of them, 47 are located in the Tyumen region and 2 in the Tomsk region. The 
group of giant fields in Tyumen region includes 9 unique fields: Samotlor, Krasnoleninsk, 
Mamontovo, Fedorovo, Priob, Lyantorsk, Vat-Yegan, Tevlinsk-Russkinsk, and Russkoye. 
The first 4 (Samotlor, Krasnoleninsk, Mamontovo, Fedorovo) are the largest ever 
discovered, each with recoverable reserves exceeding 500 million metric tons.  
The Volga-Urals oil–producing province includes the eastern part of East 
European Platform and Pre-Urals marginal trough. Ten giant and supergiant fields were 
discovered and developed in the Volgo-Urals petroleum–producing region. Oil reserves of 4 
of them, i.e.  Romashkino, Tuimazy, Novo-Yelkovo, and Arlan, exceed 300  million metric 
tons.  The Romashkino oilfield is the largest field in Russia, and it is one of the largest ten 
supergiant fields of the world.  
The Timan-Pechora oil province is located in the north-eastern part of European 
Russia: Komi Republic and Nenets Autonomous District of the Arkhangelsk region. Four 
giant fields were discovered in the Timan-Pechora. Three of them: Yaregskoye, Usinskoe, 
and Vozeyskoe are in the Republic of Komi, and one, Haryaginskoe, in Arkhangelsk. All 
giant fields are in development or production, and independent contribution to the oil output 
of the Timan-Pechora province is considerable: Usinskoe Vozeyskoe and associated 
accumulations comprise of >60% of the initial reserve estimates.   
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The investigation of the largest oil fields in Russia were based on data derived from 
modern organic goechemical techniques such as isotopic composition of carbon, gas 
chromatography, chromatographic analysis, identification of biomarkers based on the works 
of the world's leading geochemists - Hans Fischer in 1971, Alfred Trebs (1979), John Hanta 
(1993), Bernardo Tissot and John Velte (1989), Galimov (1989), Ken  Peters and Michael 
Moldowan (1993).  
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From younger to older, there are five oil-bearing assemblages in the northern Songliao 
Basin, whilst in the depression zones there are four oil-bearing assemblages, including the 
shallow, the upper, the middle and the lower. The middle-lower oil-bearing assemblages are 
the main oil-producing sections in the northern Songliao Basin. The upper oil-bearing 
assemblage is in the Upper Cretaceous Nenjiang Fm., where oil generated from source rocks 
of Nenjiang 1st-2nd members is trapped in reservoirs of Nenjiang 3rd-4th members by 
caprocks of Nenjiang 4th-5th members [1]. Geochemical evidence from oil in the Heidimiao 
oil-bearing sequence suggests that the Heidimiao crude oil contains not only oil generated 
from source rocks of Nenjiang 1st-2nd members but also oil generated from source rocks of 
Qingshankou 1st members.  
The Heidimiao crude oil occurs mainly in the Gulong depression and the south of 
Changyuan plateau with shallow burial depth (most at 480-1500m). The physical properties 
of crude oil varies greatly with oil density in the range of 0.82~0.97g/cm3 and viscosity in the 
range of 5.2-1323mPa.s. Highly-viscous crude oil with high density is the result of 
biodegradation. There are three types of oils with distinct geochemical characteristics. The 
type I oils are characterized by: (1) steranes and terpanes occur in abundance between C34 
and C35 in high-temperature gas chromatogram and, after C40 they have observed long-chain 
alkyl naphthenes; (2) compositional carbon isotopes variation trend is normal; (3) 
gammacerane and tricyclic terpanes are low in concentrations; (4) aromatics usually contain 
high content of tri-aromatic homologs[2]. The type II oils are characterized by: (1) there are 
no observed steranes and terpanes between C34 and C35 in high-temperature gas 
chromatogram and long-chain alkyl naphthenes are absent after C40; (2) compositional 
carbon isotopes variation trend are reversed; (3) gammacerane and tricyclic terpanes are high 
in concentrations; (3) aromatics contain high abundance of phenanthrene homologs and low 
content of tri-aromatic homologs. The type III oils are characterized by: (1) there are low 
concentrations of steranes and terpanes between C34 and C35 in high-temperature gas 
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chromatogram; (2) compositional carbon isotopes variation trend is normal but without 
significant difference among components; (3) aromatics contain both phenanthrene homologs 
and tri-aromatic homologs in high concentrations. 
The study of oil-oil and oil-source correlations based on biomarkers of saturates and 
aromatics suggests that the type I oils are mainly sourced from source rocks of Nenjiang 1st 
member, while the type II oils are similar to the underlain crude oils of Putaohua and are 
related to source rocks of Qingshankou 1st member, suggesting that they are secondary in 
origin. The type III oils possibly have multiple sources. 
Spatially, the type I oils occurs in the draining area of expulsed oil from source rocks 
of Nenjiang 1st member (Ro>0.75%), suggesting that the mature source rocks control the 
distributions of discovered oils and the oils have migrated mainly through vertical path with 
short distance of horizontal migration. In contrast, the type II oils occurs in the area having 
intense oil expulsion from source rocks of Qingshankou 1st member and encountering faults 
of T2-T06 and T1-T06, suggesting that this type of oils have migrated through faults which 
thus control the oil accumulation. It is thus suggested that the exploration of Heidimiao oils 
should focus on both primary accumulations and secondary accumulations. 
 
Figure 1. Plot of oil-oil and oil-source correlations using aromatics for the Heidimiao crude 
oils and possible source rocks 
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Polycyclic aromatic sulfur heterocyclics (PASHs) are important heteroatomic 
compounds in crude oils and sedimentary organic matters. Dibenzothiophene and its alkylated 
derivatives (DBTs) are important forms of PASHs. And for their potential geochemical 
significances, an increasing interest has been focused on DBTs, especially for their 
application in oil/oil, oil/source correlation and evaluation of source rocks. 
Tabei Uplift is important petroleum exploration area and plenty of reserve has been 
discovered in this area, including three secondary tectonic units of Yingmaili Uplift, 
Halahatang Depression, and Lunnan Uplift from west to east. Multiple charges, mixed-
sources and high-over maturity of source rocks bring great difficulties to the oil/source 
correlation, hydrocarbon migration and accumulation studies by using the usual method of 
biomarkers in the saturated hydrocarbons. Thus analysis of aromatic hydrocarbons becomes a 
prospective method for geochemistry study in this area. 
Deuterated dibenzothiophene (d8-DBT) was used as internal standard to quantify 
DBTs in crude oils from Tabei Uplift, including dibenzothiophene (DBT), 
methyldibenzothiophens (MDBT) and some dimethyldibenzothiophenes (DMDBT) 
(Figure.1).  
The ratios of DBT/Phen has been used as an effective indicator for different 
depositional environment (Hughes et al., 1995), which show a similar depositional 
environment, suggesting common source rocks for these oils.  
The abundance and distribution of DBTs in sediments and crude oils are influenced by 
both the maturity and type of organic matter. So the relative abundance of DBTs can indicate 
the maturity of organic matter (Radke, 1988; Chakhmakhchev and Suzuki, 1995). The ratios 
of 4-/1-MDBT and 2-+3-/1-MDBT for the oils in the Tabei Uplift show a general trend of 
higher maturity level in the east than the west part. The average ratio of 4-/1-MDBT is 3.5 for 
Ym2 oil in the Yingmaili Uplift, 5.7 for the oils in the Halahatang Depression, and range from 
4.1 to 11.0 for oils in the Lunnan Uplift from west to east. The average values for ratios of 2-
+3-/1-MDBT have similar distribution patterns, suggesting a higher maturity in the east part 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 495 -
of the Tabei Uplift. The total contents of DBTs (μg/g oil) show wide ranges from one hundred 
to over three thousands. The abundance of DBTs varies from 797 to 3505 in the Lungudong 
area, 135 to 2450 in the Lunguxi area, and 399 to 1320 in the Halahatang Depression, 
whereas it reaches over 5400 in the Ym2 oil from Yingmaili Uplift. It is inferred that the great 
different abundance of DBTs may be a result from source rock heterogeneity or mixing from 
different source rocks. It is noteworthy that the abundance of DBTs in crude oils from 
Halahatang Depression is much lower than those oils from both sides next to this area, which 
may be due to its different origins. 
 
Figure 1.  Identification of DBTs in crude oils from Tabei Uplift 
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The Seyitomer bituminous marl deposit is located in ENE-WSW oriented Neogene 
basin, NW of Kutahya (Western Anatolia). The rock units exposed in the investigated area 
from bottom to top are Ayvali formation (basement complex-before Upper Cretaceous); 
Elmacik formation (conglomerate-Lower Miocene); Seyitomer formation (green clay, lignite, 
bituminous marl, yellow clay-Middle to Upper Miocene); Ishakcilar formation (marl, 
limestone-Pliocene); Kocayataktepe formation (conglomerate-Pleistocene) and Alluvium 
(Quaternary) (Senguler 1999). 
Stable isotope geochemistry studies have been carried out on the bituminous marls 
(whole rocks) found in the Seyitömer formation. The samples have been prepared according 
to the standard isotope analyses method depending on the carbonate and dolomite ratios 
recommended by McCrea (1950). 
In all the rock samples, 13 C (PDB) values varied from 9.918 to 14.248, those of 18 O 
(PDB) from -4.717 to -4.825 and those of 18 O (V-SMOW) from 25.941 to 26.047. 
The 13 C (PDB) values obtained indicate that the bituminous marls have been 
deposited in anoxic conditions, and the 18 O (PDB) values indicate that meteoric water 
reached the lake environment from time to time (McKenzie 1985). The 13 C value measured 
in the organic material within the bituminous marls varies in a narrow interval from -29.5 
(PDB ‰) to -28.2 (PDB ‰). These levels which are rich in colonial Botryococcus are quite 
near the -28.0 (PDB ‰) value given for petroleum.  
The organic carbon varies in the analyzed sample from 1.26-27.57 %, the mean is 6.90 
% for the economic grade oil shale alone 7.61 %. The lower limit of the economic grade oil 
shale is approximately 6.1 % organic carbon.  
The result of the Rock-Eval pyrolysis (Langford and Blanc-Valleron, 1990) a mean 
hydrogen index of 556 mg Cpyr/gC can be calculated for the Seyitomer bituminous marls. 
Taking into account that whole rock samples instead of kerogens were used, a type I/II 
kerogen can be assumed. The Tmax values scatter around 430 ºC which would indicate a 
vitrinite reflectance of around 0.5 %.  
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The TIC trace is dominated by the occurrence of n-alkanes having 17 to 27 carbon 
atoms. A marked odd-even-predominance with C 23 as main compound can be observed. The 
isoprenoids pristine and phytane are fairly high concentrated. In the high boiling range a 
seires of compounds could be tentatively identified by means of mass spectra and literature 
data as triterpenes, triterpanes, sterenes, and steranes. The source of the organic matter seem 
to be algae and bacteria, as odd numbered long chain n-alkanes (C 29, C 31) are lacking. The 
hopanoids can be tracesd back to microbial origin as well. The low pristine/phytane ratios are 
indicative of an anoxic or dysoxic sedimentary environment.  
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Llanos Basin is one of the most prolific sedimentary basin in Colombia and is part of 
the Andean retro-foreland basin system (Figure 1). The eastward propagation of the Andean 
orogenic wedge and the onset of Colombian foreland basin began in the Late Cretaceous. The 
present configuration of the Andean foreland basin occurred during the Late Cenozoic. 
Hydrocarbon generation, migration and trapping also occurred during Late Cenozoic time. 
Around 4.2 and 3 Billion Barrels of Oil Equivalent (BBOE) of recoverable reserves 
have been discovered in the foothills and Eastern Llanos Basin respectively (Figure 1). Most 
of these hydrocarbon accumulations are related to Cretaceous and Tertiary source rocks. One 
of the main issues regarding the oils in this basin is to constrain the regional distribution 
versus their origin. More than 90 crude oils samples were evaluated. The geochemical 
characterization of these samples allows to determine the origin and maturity trends 
associated with Llanos crude oils. 
The source rock that generated the Llanos oils is mainly a marine shale. The 
Pristane/Phytane values between 2 and 3 indicate possible deltaic shale contributions. 
According to the carbon isotopic evaluation, two main oil groups are defined: Northern 
Platform and Central-Southern Area. Probably isotopic signatures are altered in biodegraded 
oils. 
The anoxic conditions and the marine source rock character increase toward the 
northern area, while he terrestrial input and oxic conditions increase toward the central area. 
The northern oils have high NDR values and relatively high Dinosterane ratios. This indicates 
that the source rock generating these oils was deposited mainly in a marine siliciclastic 
upwelling depositional environment of  Late Cretaceous age. 
Toward the northern area two oil families are distinguished: 1) Guafita, La Victoria, 
Caño Verde and Caño Limón oils; 2) Arauca and Capachos oils. Group 2 is characterized by a 
higher terrestrial organic matter input than group 1. It is possible that Capachos and Arauca 
oils received additional contribution from a Tertiary source rock (or from different organic 
facies of the same Cretaceous source rock, possibly more terrestrial). According to some 
biomarker ratios, the crude oils located in the Central Foothill received the higher contribution 
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from terrestrial organic matter. 
Oils in the northern area come from a source rock deposited in higher salinity 
conditions. The distribution of crude oils in the C35/C34 Homohopane versus 
Gammacerane/C30 Hopane plot (Figure 1) indicates a more marine source rock character and 
higher salinity conditions for the source rock of the northern oils. The higher plant input 
increases toward the central and southern areas. 
The Upper Cretaceous shales of the Gachetá formation are considered the most 
important source rock of the Llanos Basin but it has also been proven that Oligocene 
Carbonera and Paleocene Los Cuervos formations participated in the oil and gas generation in 
the basin. 
Llanos Basin oils have maturity levels that oscillate between middle to peak oil 
window. According to the %20S and Ts/Ts+Tm ratio, the oils found in the southern area 
apparently have a lower maturity level than the other oils. 
 
 
Figure 1. 
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The Dongying Sag, a third-level negative tectonic element of the Bohai Bay basin, China, 
and a typical continental oil-rich fault subsidence sag has been extensively explored over the 
last 50 years.  Major discoveries are therefore increasingly scarce.  In this study, the basin 
fluid systems are classified using petroleum geochemistry, and the processes involved in the 
different hydrocarbon accumulations are also discussed.  The resulting inferences of the 
different fluid migration and accumulation patterns will be helpful for further accurate 
exploration in the Dongying Sag . 
Using geochemical data, the basin fluids of Paleogene and upper stratigraphic units were 
divided into three fluid systems grouped as Normal (hydrostatic) pressure and open fluid 
system, Overpressure confined fluid system, and Transition fluid system (Table.1). 
 
Table.1 Characters of fluids in different fluid systems in the Dongying Sag 
Fluid systems 
 
 
Normal pressure and open 
fluid system Transition fluid system 
Overpressure confined 
fluid system 
Es3s Es3z Es4s Es3s Es3z Es4s Es3s Es3z Es4s 
Burial depths Shallower than -2200m -2200m to - 2900m Deeper than -2900m 
Pressure gradients 0.8~1.2 Higher than 1.2 generally Less than 1.2 as a whole 
water total dissolved 
solids （g/L） <10 10~60 10~40 20~80  40~80 >80 
rNa/rCl >0.8 >1.0 >1.0 0.5~1.0 <1.0 0.7~1.0  >1.0 <0.9 
(rCl-rNa)/rMg <3 <2 <3.5 0~8 >2 -6~8  <2 >4 
rSO4×100/rCl >1 >1.5 >2 0~2 <1.5 0~8  >1.5 <1 
Predominant  water 
origin 
Atmospheric infiltration 
water 
Mixture of Atmospheric 
infiltration water and 
Depositional-burial water
Depositional-burial water 
Oil saturations of  
fluids expelled from 
sourcerocks 
Sourcerock is not buried 
to expulsion threshold 
depth 
Es3, 10%~30%, 
Es4, 20%~50% >40% 
Principal oil driving 
force and flow 
method 
Buoyancy 
Darcy flow 
Buoyancy
Darcy flow 
Overpressure 
Non-Darcy flow 
 
In the normal pressure and open fluid system, fluid pressure gradient is approximate to 
hydrostatic pressure gradient.  Infiltrated meteoric water is a main contributor for the 
formation water.  Most of the oil-bearing sediments are low in oil saturation because of the 
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migration distance from the source rocks, and charge is mixed with both meteoric infiltration 
water and formation water expelled from compacted mud rocks.  High oil saturations can 
accumulate in many traps where buoyancy of the migrated hydrocarbons has displaced the 
water.  
In overpressure confined fluid system group, the main body of formation water is connate 
water, and most of the hydrocarbon-bearing sediments are of high oil saturation due to the short 
distance from the highly expulsive source rocks.  In low permeability migration channels and 
tight reservoirs, non-Darcy flow plays a dominant role in the migration of oil-bearing fluid, and 
buoyancy is less significant.  The overpressure drives high oil-saturation sediments much like 
a piston would, leading to a wide distribution of connected “continuous” oil reservoirs (Zou, et 
al, 2009).  Overpressured mudrock is a more effective seal, and conditions leading to 
accumulation are more likely in these conditions.  However, shale fractures not only provide 
migration pathways for oil and gas migration, they can also act as reservoirs for oil and gas.  
Since the source rock at such depth had high oil saturation itself, large amount of resources in 
the shale can be the “shale oil (or gas) reservoir” (Zhang, et al, 2012).  Continuous oil 
reservoirs, shale fractured oil reservoirs and shale oil (or gas) will be favorable targets for 
further exploration. 
In the transition fluid system, the sediment fluids are mostly a mixture of infiltrated 
meteoric water and connate water.  The low oil-saturation in the sediments where stable-state 
flow is the dominant are mainly due to buoyancy.  Because the high salinity 
depositional-burial water have similar migration routes as those of the hydrocarbons, brines 
with high concentrations of CaCl2 and fairly high concentrations of NaHCO3 can be indicators 
of oil and gas migration or accumulations. The high salinity waters are frequently found in 
strata near to faults, anticlines close to effective source rocks, or connected to source rocks by 
faults, unconformities and/or sand bodies.  More attention should be paid to these areas in 
future exploration. 
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Small oil fields and oil shows in the Paleozoic and Mesozoic deposits of the Anabar-
Khatanga Saddle (AKS), on the northern periphery of Siberian craton, have been known since 
the 1940’s. The largest accumulations of oil have been encountered in the Permian strata, 
leading many researchers to initially infer coeval source rocks. Subsequently, deeper 
Vendian-Cambrian oil sources were proposed for all the crude oils on within the Anabar-
Khatanga Saddle.  
This report is based on the geochemical molecular-level studies of hydrocarbons by 
GC-MS - biomarkers (chemofossils) from oil fields (Youzhny-Tigyan, Nordvik) and signs of 
oil in the drilled wells (Severo-Suolemskaya) and of the outcrops on the northern end of 
Yuryung-Tumus peninsula. 
The geochemical research revealed a complex of features indicative of source rock 
deposition in hypersaline basins, specificially: high concentrations of irregular squalane, 
predominance of adiantane contents over normal hopanes, and the presence of gammacerane. 
The set of terpane biomarkers in AKS oils show some similarities to the analogous terpane 
chemofossil complex of Neoproterozoic oils from the south Oman Salt Basin [1].  At the 
same time, the relatively heavy isotopic composition of carbon in oils from AKS  
(13C -29.2 ‰), the absence of 12- and 13 –monomethyl alkanes, (which are characteristic of 
ancient oils both from Eastern Siberia and Oman), and the presence of other biomarkers 
(diasteranes, "continental" retene) contradict the hypothesis of the Vendian - Cambrian source 
of hydrocarbons. 
In the Anabar-Khatanga Saddle study area, the Devonian saliferous rocks comprise 
diapir structures and their cap rocks.  Based on the reported geochemical observations, it 
appears that the high TOC salt-bearing complexs were the source rocks responsible for all the 
investigated oils and oil shows in the Anabar-Khatanga Saddle.  Input from the Upper 
Paleozoic source rocks appears to have been less significant. 
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Introduction   
Oil seeps indicate the presence of active petroleum systems. Cantarell is an important oil field in 
the Campeche Bay, Gulf of Mexico, which is situated in a region characterized by such features 
at the sea surface. However, there is no consensus on the subsurface provenance of the Cantarell 
oil seep. Postulated hypothesis include upward migration either from source rocks or from 
charged reservoirs. Geochemistry is an important tool to discriminate the origin of the Cantarell 
oil seep. Each oil sample contains a unique distribution of its compounds that is considered a 
"fingerprint". Biomarker and diamondoid parameters are extensively used, often as ratios of 
individual components or families of compounds, to study petroleum systems and to evaluate 
biodegradation, source and thermal maturity of oils (Chen  et al., 1996; Peters et al., 2005).  
In the present study, oil samples (seepage and geologic reservoirs) from the Campeche Bay were 
geochemically analyzed to identify and characterize their biomarker and diamondoid distribution. 
Multivariate statistical techniques (cluster analysis) were used in order to discriminate the 
subsurface provenance of the Cantarell oil seep. 
Materials and Methods 
Oil samples were dissolved in hexane and separated into aliphatic and aromatic hydrocarbons, as 
well as into polar compounds, by liquid chromatography using a silica gel column. Aliphatic 
fractions were analyzed by GC/FID and GC-MS using a fused silica HP-5MS phenyl/methyl 
polysiloxane capillary column (30 m length, 0.25 mm ID, 0.25 μm film thickness). Biomarkers 
and diamondoids were identified by comparison of their mass spectra and relative retention times 
with reported literature data (Wingert, 1992; Chen  et al., 1996; Peters et al., 2005).  
Cluster analysis was processed in Statistica software version 6.0. 
Results and Discussion 
Surface oil samples (seepage) and subsurface oil samples (reservoirs) presented subtle differences 
in terms of geochemical parameters. Research results indicate that oils have a significant mature 
level related to high values of 20[S/(S+R)] C29ααα and 22[S/(S+R)] H32 ratios. Based on H35/H34, 
H29/H30 and Hopanes/Steranes ratios, oils can only be ascribed to a marine source rock of 
Thitonian age. However, with respect to biodegradation, surface oil samples presented higher 
levels than subsurface ones. Multivariate statistical procedures (cluster analysis) indicated a good 
correlation of Cantarell seepage samples with a specific subsurface oil sample as shown in Figure 
1.  
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Conclusion 
The statistical manipulation of biomarkers and diamondoids data allowed the identification of 
subtle differences between oil samples from seepage and subsurface geologic reservoirs.  These 
differences were observed as a result of a cluster analysis, which indicated a correlation between 
surface seepage samples and a unique subsurface oil sample. This correlation suggests that the 
origin of the Cantarell oil seep is from such a reservoir (sample CAN8). 
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Figure 1. Cluster analyses of surface oil samples (seepage) and subsurface oil samples 
(reservoirs). Oil seep samples were tagged as EXD1 to EXD4. 
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The very dry thermogenic gas at the Nyk High poses several questions to workers, not 
the least in relation to the hitherto dry wells of the Utgard High. One such question is the 
origin of super dry thermogenic gas at the Nyk? Did something “wetter” exist in these 
structures at earlier time? Did the Cretaceous section or intrusive bodies i.e. the sills generate 
the hydrocarbons? This study will shed some light on these issues through a detailed 
examination of trace amounts of residual core bitumen from the reservoir units, and through 
the use of petroleum inclusions. 
The production gas from the Nyk High (6707/10-2A) contains very dry thermogenic 
gas in Late Cretaceous sandstones. Despite this, substantially wetter gas was found in 
petroleum inclusions from this structure, and even trace amounts of residual light oil or 
condensate was found in sandstone porosity suggesting that the trap system contained 
previously a much wetter hydrocarbon charge. What did happen? Similarly there were 
inclusions with a C2+ content reaching 15% from sandstones of the dry wells 6607/5-1 & 
6607/5-2 located at the Utgard High in the deep Vøring Basin. Also in these wells were 
residual light oil signatures found as trace amounts in sandstone. Thus, substantial interest 
exists concerning the dry wells at the Utgard and the super dry gas at the Nyk. What is the 
exploration potential of this region for light oil or condensate? Is the source rock indeed 
Cretaceous strata as most workers suggest the Spekk Formation to be burnt-out within the 
drainage areas?  
The main objective of this study was to look for and identify trace amounts of truly 
migrated bitumen in these dry wells and to describe the organic facies and the maturation 
level of the core extracts. Various geochemical methodologies were applied on the core 
samples in order to get an insight into petroleum population. The inclusions in diagenetic 
mineral cements in the exploration well drilled at the Nyk High contain wet hydrocarbons 
(C2+) percentage ranging from 7.4% to 15% placing the gas samples as condensate to light oil 
associated. This compares with about 3% of C2+ content of the production gas from the 
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discovery. Clearly the reservoir section contained a much wetter system at an earlier time. At 
the Utgard High, C2+ contents of 9.2% to 12.2% was found for the dry well 6607/5-1, and 8.3% 
to 16.6% for the well 6607/5-2, showing evidently that a condensate to light oil phase was 
prevalent in the sandstone porosity at the time of entrapment in inclusions. The average ratios 
of isoprenoids (pristane to phytane) from GC-FID results lie in the window of 1.8 to 3.0 
indicating the possibility of a marine source rock facies for both the structural highs of the 
Vøring Basin. The mean value of pristane to n-C17 ratio for well 6707/10-2A is comparatively 
low (0.28), due to biodegradation, while this ratio is higher (0.45) for the Utgard High. The 
facies identified from the distribution of isomers of steranes (C27, C28 and C29) from GC-MS 
results plotted in the ternary diagrams suggests that all the samples from both highs represent 
normal marine organo-facies. The average vitrinite reflectance calculated from aromatic 
parameters of GC-MS data represents higher levels of maturation in the Nyk high samples 
(1.07%Rc), and slightly lower maturity values for the Utgard samples (0.93%Rc ).  
It is concluded from the application of geochemical methodologies that the organic 
facies of both structural highs belong to a typical marine source rock facies and that oil could 
be discovered in the region. 
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The origin of bitumen in magmatic rocks is still debatable. Different hypotheses with 
respect to the origin of bitumen from the northern part of Khakasia in Russia have been 
proposed (Fedoseev et al., 2001), with a sublimate-migratory origin being preferred, although 
no molecular compositional details have hitherto been offered for proper characterization of 
their origin. In this work we investigated the molecular composition of saturated and aromatic 
hydrocarbons of two bitumen samples from this area: (1) solid bitumen from effusive 
amygdaloidal basalt outcrop in the Sokhochul (SBS) valley, and (2) solid bitumen from 
dolerite intrusions in the Krasna Gorka (SBKG) area. Identified hydrocarbons in both bitumen 
samples include: alkanes, alkylcyclohexanes, methylalkylcyclohexanes, pregnanes, steranes, 
bi-, tri- and pentacyclic terpanes, alkylbenzenes, bi-, tri-, tetra- and  pentacyclic condensed 
aromatic structures (Table 1).  This hydrocarbon assemblage differs from other basalt-
contained bitumen in Russia (e.g., in the vicinity of Krasna Gorka and Sohochul valley). 
 
Table 1. Hydrocarbon content of solid bitumen from north Khakasia in Russia 
Bitumen 
SBKG SBS 
% Content relative to 
bitumen 
Alkanes 26.6 78.3 
Alkylcyclohexanes 0.6 2.3 
Methylalkylcyclohexanes 0.4 1.3 
Terpanes 30.7 1.1 
Steranes 28.1 0.3 
Total saturated hydocarbons 86.4 83.3 
Mono-arenes 1.1 0.6 
Bi-arenes 2.9 1.9 
Tri-arenes 6.3 8.5 
Tetra-arenes 2.8 5.5 
Penta-arenes 0.5 0.2 
Total aromatic hydrocarbons 13.6 16.7 
Hydrocarbons are characterised by enhanced concentrations of terphenyls, 
triphenylene and benzopyrene, polyphenyls containing 2-5 phenyl moiety, binaphthalenes, 
1,9- (1-naphthylmethyl)-phenanthrene, 9H-tribenzocycloheptane and its alkyl-substituted 
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homologues from C20 to C32, phenyl-substituted derivatives of naphthalene, phenanthrene, 
pyrene and triphenylene. Bitumen from the amygdaloidal basalts also contain previously 
undetected compounds (Fig. 1), namely, homologous series of -methyl (C14-C22) and -
ethyl-alkyl-toluenes (C12-C22), C15-C30 ethyl-alkyl-biphenyls, and C15-C29 diphenyl-alkanes. 
 
Figure 1. Aromatic hydrocarbons in solid bitumen samples from north Khakasia in Russia. 
The coloured structures (labeled 1) refer to compounds identified only in bitumens from the 
amygdaloidal basalt 
 
The composition of hydrocarbons of solid bitumen from north Khakasia, therefore, 
appears to have been extensively heated by the basaltic magma. Bitumen occurrence in basalt 
could be the result of capture by magma of rocks with a high content of organic matter. 
 
REFERENCES: 
Fedoseev, G.S., Fadeeva, V.N., Melenevsky, V.P., 2001. Russian Geology and Geophysics 
42, 1110–1117. 
26th IMOG
Organic Geochemistry: trends for the 21st Century 
 - Vol. 1 -
Vol. 1, page - 509 -
THERMAL HISTORY AND PETROLEUM SYSTEM RECONSTRUCTION OF AN 
INVERTED RIFT BASIN (CAMEROS BASIN, NORTH OF SPAIN) 
 
Silvia OMODEO-SALÉ1*, Robert ONDRAK2, José ARRIBAS1, Ramón MAS3 
 
1. Departamento de Petrología y Geoquímica, UCM, IGEO (UCM-CSIC), Madrid (Spain) 
2. Organic Geochemistry Department, GFZ, Potsdam (Germany) 
3. Departamento de Estratigrafía, UCM, IGEO (UCM-CSIC), Madrid (Spain) 
*) Corresponding author: silvia.omodeo@geo.ucm.es 
 
The Cameros Basin (North Spain) is an extensional basin, formed during the second 
stage of the Mesozoic Iberian rift system (Late Jurassic-Early Cretaceous), relative to the 
opening of the Western Thetis. The basin was inverted during the Alpine Orogeny (Mid 
Eocene to Mid Miocene).  
From the 50’s it is know that a petroleum system has been formed during the basin 
evolution, even if no important commercial quantities of hydrocarbons have been found. The 
formation of a petroleum system could be potentially favored by the organic-matter richness 
of the pre-rift and syn-rift deposits (several units of tens meters thick of marine and lacustrine 
black-shales deposits) and by the favorable geodynamic context. Recent research (Omodeo-
Salé et al., 2012; Mas et al., 2011; Ochoa et al., 2007) confirm hydrocarbon generation and 
migration from petrographic and geochemical evidences. Timing and functionality of the 
petroleum system in the Cameros Basin, like the causes for the lacking of accumulations, 
have not been properly defined so far.  
To provide a reliable synthesis of the basin thermal history, a 2D thermal model has 
been built. A combination of the structural, sedimentological, petrological and geochemical 
data available has been used to build the 2D model, A balanced geological cross-section, 
crossing the whole basin, and its relative restoration, has been used for defining the structure 
and geometry of the basin (Omodeo-Salé et al., 2011). 
The maximum peak of heat flow during the rift stage has been calculated from 
subsidence curves by means the method of Royden (1986) (Omodeo-Salé et al., 2012a). 
Calibration of the model has been performed using vitrinite reflectance data, supplemented by 
fluid inclusions and illite cristallinity data which assist the interpretations (González-Acebrón 
et al., 2013; Omodeo-Salé et al., 2012b). 
The main petroleum system elements have been defined on sedimentologic and 
petrographic evidences. Geochemical analyses have been used for defining source rock 
characteristics (Type of kerogen, TOC, HI, kinetics) (Omodeo-Salé et al., 2012b).  
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Basin modelling has been performed using PetroMod 2D software. The main results 
obtained from the 2D model are the identification of the major thermal episodes affecting the 
basin during the rift, the determination of the timing of thermal maturity and the resulting 
evolution and peak of hydrocarbon generation. Furthermore the possible migration paths, the 
timing of possible trap formation and the resulting formation and failure of hydrocarbon 
accumulations can be suggested. 
This work demonstrates that the reconstruction of the thermal history of a basin, 
characterized by a complex tectonic and thermal evolution, can be performed with a reliable 
2D basin model. Furthermore basin modelling assists to constrain the definition of the basin’s 
petroleum system.  
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Characterization of the organic matter in a sedimentary basin is fundamental for 
defining the petroleum system characteristics of a basin, especially to determine its possible 
source rocks.  
The Cameros Basin (North Spain) is an inverted extensional basin, formed during the 
second stage of the Mesozoic Iberian rift system (Late Jurassic-Early Cretaceous). The 
organic-matter richness of the pre-rift and syn-rift deposits, combined with the high 
subsidence rate, favoured the activation of a petroleum system during the basin evolution 
(Mas et al., 2011). Characteristics and functionality of this petroleum system is difficult to 
reconstruct because of the lack of any important hydrocarbon accumulation. 
In order to define characteristics and evolution of the Cameros Basin petroleum 
system, in this work, a detailed study of the organic matter properties has been done. 
The sedimentary infill of the Cameros Basin is composed mostly by continental facies, 
relative to alluvial-fluvial and lacustrine-palustrine depositional systems, with frequent marine 
influence (Mas et al., 2011). As consequence most of the Cameros Basin organic matter has a 
dominant continental to lacustrine nature. 
From petrographic analyses information about the abundance, preservation state, type 
and degree of transformation of the organic matter can be deduced. Furthermore rock-eval 
analyses interpretations provide information about the kerogen type, maturity and 
hydrocarbon potential. Because samples have been taken directly from outcrops, oxidation 
and/or alteration of the organic matter levels is quite common. When possible, results have 
been corrected. Detailed vitrinite reflectance measurements have performed and reliable 
maturation data have been obtained. 
From a combination of the sedimentologic, petrographic and geochemical data a good 
synthesis of the Cameros Basin organic matter characteristics can be deduced.  
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Type III kerogen is the dominant nowadays, even if several evidences demonstrate 
that type I has not been uncommon. Hydrocarbons potential is still high only in a limited 
sector in the south of the basin, where organic matters is still immature. Alternatively, in the 
northern sectors of the basin, hydrocarbons have been already generated and expelled. The 
latter correspondent source rocks can be today considered like “spent source rock” (Law, 
1999). Finally organic matter cropping-out in the rest of the basin cannot be considered as 
potential source rocks, because the very low kerogen total amount and because the 
unfavourable geochemical properties.  
To complete the exposed previous results, kinetics of the Cameros Basin petroleum 
system has been calculated.  
Finally for defining which of the suggested source rocks has reached favourable conditions 
for hydrocarbon generation and when the different sources have reached the time of peak 
generation, all the previous obtained data have been integrated in a 2D basin thermal model. 
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Steranes in oils are analysed using GC-MS in selected ion monitoring (SIM) mode. 
All major steranes and diasteranes can be seen in the m/z 217 mass chromatogram. ββ-
Steranes and diasteranes are enhanced in the m/z 218 and 259 mass chromatograms 
respectively. Individual distributions of C27, C28 and C29 steranes can be obtained using GC-
MS-MS. Daughter mass spectra from sterane molecular ions also have m/z 217 as the base 
peak but the spectra of diasteranes also show intense m/z 189 fragments (Figure 1 A,B) which 
are almost absent from the spectra of regular steranes (Philp et al., 1988; Figure 1 E,F) and the 
M+ → 189 transition can be used to monitor only the diasteranes.  
However, the 372 → 189 transition shows additional peaks (e.g. Figure 1). Four C27 
compounds (1-4) having almost identical mass spectra (Figure 1 C,D) were isolated, free of 
coeluting compounds, from a Serbian oil (Rusanda Field) using MPLC and reverse phase 
HPLC. Similar results were obtained for C28 and C29 homologues. The mass spectra of 1-4 
and the corresponding C28 and C29 compounds have m/z 189 as base peak and almost no m/z 
217 explaining why these compounds, to our knowledge, have not been described in the 
literature. The mass spectra show an intense fragment at m/z 148, almost absent from the mass 
spectra of diasteranes, and the novel series can be monitored using the M+ → 148 transitions 
without interference from coeluting diasteranes (Figure 1). 
The novel compounds are found in oils of all ages and from all parts of the world. 
They are abundant in oils having a low diasterane/regular sterane ratio such as the Serbian oil 
in Figure 1 and in carbonate-sourced oils almost devoid of diasteranes and low in oils from 
clay-rich sources. Instead, the latter contain two early eluting steranes X1 and X2 (coeluting 
with 27dβS) having diasterane-like mass spectra (not shown) but a 4/1 m/z 189/217 ratio. 
Some of the novel compounds could be partially rearranged steranes having structures similar 
to those shown by de Leeuw et al. (1993). Identification will require isolation of pure 
compounds and characterization using NMR or comparison with synthetic standards. 
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Figure 1. Top half: EI (B,D,F) and daughter spectra of m/z 372 (A,C,E) of a diasterane, an 
unidentified sterane and a regular sterane in a Serbian oil. Bottom half: 372 → 148, 372 → 
189 and 372 → 217 transitions showing C27 steranes in a Serbian oil (Rusanda Field). 
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Data on composition of organic matter in natural bitumens (bitumen-saturated 
sandstones) and oil shales are needed not only to determine the sources of their formation and 
identify conditions and processes of their of composition formation, but also to determine 
their chemical potential and select rational ways for their processing. The aim of this work is 
to compare compositions of the soluble organic matter in natural bitumen (bitumen-saturated 
sandstone) and in oil shale from Bayan-Erhet oilfield (Mongolia).   
The content of chloroform bitumoid in sandstone is 15.3 % and in oil shale – 0.5 % by 
weight. Both are highly resinous bitumoids – amount of resins exceeds 50 %, while that of 
asphaltenes is about 2.5 % by weight. The content of sulfur is higher in sandstone bitumoid 
(0.38 %) as compared with shale bitumoid (0.09 %). Н/С value for sandstone bitumoid is 1.36 
and that for oil shale – 1.84. Total content of arenes in the sandstone is 57.0 % and in the oil 
shale – 39.6 %.   
Molecular weight distribution of alkanes in the sandstone has a polymodal character 
with the increased concentrations of high-molecular homologues С25, С31 and С33. n-Alkanes 
С23, С25, and С27 were found to predominate in the oil shale, where the concentration of n-
alkane С25 was abnormaly high. In both samples Рr/Ph value is 0.55. In the sandstone normal 
alkanes predominate over isoprenoid ones - n-С17/Pr is 5.6 and n-С18/Ph is 5.9. The sandstone 
has equal contentration of n-С17 and Pr (n-С17/Pr =1), at the asme time amount of Ph is 
considerbly higher as that of n-alkane С18 (n-С18/Ph=0.3).  
Hydrocarbons of pentacyclic structure are represented by series of С27 -С30 hopanes 
and С31-С35 homohopanes. On the whole composition and distribution of terpane 
hydrocarbons in this sample are similar to those which were determined for oils, though there 
are several differences due to the occurrence of biohopane 17β(Н),21β(Н)-С31.  Demethylated 
hopanes – 25 norhopanes occur in both samples, indicating processes of biodegradtation.  The 
occurrence of biohopanes 17β(Н),21β(Н) С29-С33 in the oil shale and Tm predominance over 
Ts evidence a low degree of organic matter transformation. Practically no homohopanes С32-35 
occur the oil shale.    
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A pattern of steranes distribution in the sandstone is nearly similar to that in oils. The 
predominance of steranes С29 (С27:С28:С29 = 26:25:49) is due to substantial contribution of the 
contental organic matter. Unlike bitumoid in the sandstone the bitumoid in the oil shale 
contain a narrow set of steranes, which are regular isomers of С27, С28 and С29 with R and S 
configurations. The absence of isosteranes is probably due to a low degree of OM maturity in 
the oil shale.   
Compositional analysis of monoarene fractions in both bitumoids suggests the 
monoaromatic hydrocarbons in them are mainly represented by naphtheno-substituted 
compounds. In both bitumoids naphthalenes by their concentrations are ranked as follows: 
naphthalene (Nph) > methyl- (MN) > dimethyl- (DMN) > trimethylnaphthalenes (TMN).  It 
should be noted that distribution of naphthalene isomers in both samples differ from 
concentration distribution of oil naphthalenes, which for the most oils ranks as follows:  
DMN > TMN> MN > Nph. Triaromatic hydrocarbons in the sandstone are mainly 
represented by naphtheno-substituted compounds, since there are practically no peaks of 
phenanthrene, methyl- and dimethyl-substituted phenanthrenes on a mass-fragmentogram. Oil 
shale contains both phenanthrene and its methyl- and dimethyl-substituted isomers.   
Unlike sandstone bitumoid the least thermodynamically stable α-isomers predominate 
over the more stable β-isomers among methyl-substituted naphthalenes and phenanthrenes in 
the bitumoid of oil shale. It can indicate a low level of thermal transformation of the oil shale.  
Hydrocarbon compositions of bitumoids in the sandstone and oil shale indicate that 
organic matters of the oil-saturated sandstone and oil shale are synergetic and revealed 
differences were caused by transformation conditions. 
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A suite of seven oil and three condensate samples from the Van-Yoganskoe oil-gas-
condensate field has been studied geochemically. The field is located in the northern part of 
the Middle Ob’ region, and includes more than 50 hydrocarbon pools of different phase 
compositions (free gas or condensate with oil rims) in Mesozoic strata. Sampling depth varies 
from 970 to 2610 m, and reservoir temperature varies from 40oC (K2c) to 86oC (J2b). The 
physical and chemical properties of these petroleum liquids are discussed, including the C5-8 
low-boiling range hydrocarbons (HCs), C10+ n-alkanes, acyclic isoprenoids, steranes and 
terpanes. Gas chromatography and gas chromatography-mass spectrometry methods were 
employed. 
While the Van-Yoganskoe condensates are generally of low-density (714 – 777 
kg/m3), Jurassic pools (813 – 830 kg/m3) are less dense than Cretaceous pools (862 – 940 
kg/m3). Hydrocarbons are dominant (>50 wt.%), but sulfur (0.17 – 0.49%), paraffin waxes 
(0.29 – 3.58) and asphaltene content (0.14 – 0.86) are present in low concentrations. Saturated 
HCs are more abundant than aromatic HCs in the deeper Jurassic pools, while naphthenic-
aromatic HCs increase in abundance in the shallower (Cretaceous) pools. Geochemical data 
presented here infer a marine origin for hydrocarbons in the Van-Yoganskoe field, with the 
Bazhenovo Formation being the most likely source (Kontorovich et al., 1975, 1994; Tissot 
and Welte, 1981; Chakhmakhchev, 1983; Petrov, 1984; Goncharov, 1987; Rudkevich et al., 
1988; Borisova and Fursenko, 2004; Peters et al., 2005). A conventional oil-window maturity 
can be inferred for both oils and condensates. Data include: 
1. Relations in the C5-8 HCs: cyclopentanes/cyclohexanes > 0.8; ethylbenzene/ 
∑ xylenes > 0.25; n-heptane/methylcyclohexane > 0.9; m-xylene/o-xylene < 2.0. 
2. Relations in the higher molecular weight saturated HCs: n-C27/n-C17 < 0.5; pristane/ 
phytane < 2.0; C29 /C27 steranes < 1.0; low concentrations of С19-20  tricyclic terpanes 
versus C23-26 and C28-29 tricyclic terpanes; C35/C34 homohopanes > 0.8; CPI ≈ 1; 
hopane isomerisations (Ts/Tm > 0.8; C31 hopanes 22S/22R > 1.35; C32 hopanes 
22S/22R > 1.4); C29 sterane isomerisation 20S/20R > 0.6.  
3. High concentrations of V and Ni (with high V/Ni ratios > 3), and light isotopic 
composition (δ13Cwhole oil < -31 ‰). 
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Oils trapped within the shallow Lower Cretaceous reservoirs (formation temperature < 
65°С) appear to be variably biodegraded. Features include: (1) lowered n-heptane vs. 
methylcyclohexane (< 0.1) and C5-8 alkanes vs. C5-8 cyclanes (< 0.5) ratios, as compared to 
unaltered oils from the same field; (2) mono- and di-substituted alkanes predominate among 
heptanes and hexanes; (3) low abundance or complete absence of C10+ n-alkanes; and (4) the 
presence of 25-norhopanes in some biodegraded oil samples. 
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The Kazansk oil-gas condensate field is located in the south-east of Western Siberia. 
Although the field area itself is modest in dimension, there is a strongly pronounced diversity 
of fluid types. The hydrocarbon deposits are located at the depth of 2300-2700 m, at 80-90o C. 
Three deposits are located within the Upper Jurassic formations. The uppermost 
formation (J11 layer) includes a rather rare fluid type: volatile oil, light, highly gas-saturated 
and condensate-like oil. The gas ratio of this oil is rather high and is 600-650 m3/m3. However, 
the experiments showed the fact that, in-situ conditions this fluid is in a liquid state, close-to 
critical, where the bubble-point pressure equals about 23mPa, i.e. at 1.5 mPa below the 
formation pressure. The wellhead fluid density changes from 694 to 734 kg/m3 depending on 
oil-filed development time and the recovery drive.  
At a depth below this formation another oil deposit is located in J12 layer. Though this 
oil possesses a lower gas factor (180-240 m3/m3), it has a significantly higher wellhead fluid 
density (778-791 kg/m3). Further down the cross-section  there is a gas-condensate deposit 
with a small oil rim in J13-4 layer.   
Two gas-condensate deposits underlie in the Middle Jurassic formations (J3 and J4 
layers). In several wells a slight oil encroachment from Lower Jurassic layers (J13 and J15 
layers) was established.   
The integrated GC-MS, IR-MS analysis of oils, condensates and gases showed the fact 
that the generation of hydrocarbon deposits in Kazansk oil field originates from different 
source rocks. In this case, “pure” unmixed fluid types were detected only in the Lower 
Jurassic formations (J13 and J15 layers), i. e. three small ones, probably isolated from each 
other; one of which was generated by a typical pre-Jurassic source rock ( Kazansk well 15р). 
The evidence of which is the following: low Pr/Ph value, sterane prevalence in С29 
composition, alkylbenzene prevalence in С21, С23 and С25 composition to С20, С22 and С24 
(increased value of ABI); where oil-dissolved gas is characterized by a very low iso- and n-
butane ratio. Other typical oil types (Western-Somovsk wells 10p and 11) have been 
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generated by carbon organic matter (high Pr/Ph value, prevalence of С29 steranes , light, low-
sulfur with high paraffin content).   
The effect of these fluid types is visible in the overlying Upper and Middle Jurassic 
formations. The deposit formation mechanism in the Upper Jurassic layers J11 and J12 is more 
complex, as filling the trap mainly occurred by means of the source rock generation, as in the 
case of Bazhenov suite. These oils are characterized by not high Pr/Ph value, increased 
(Pr+Ph)/ (nC17+nC18), approximately equal to the С27, С28 and С29 content in steranes and low 
ABI. In addition to this, the formation of these deposits occurred due to the inflow from 
underlying formations. An oil deposit section in J12 layer was isolated within the area of 
Kazansk well 10р. According to its composition and properties, this oil is close to the oil in 
the adjacent Boltnoe oil field. 
 
Table 1. Selected characteristics of oil, condensate and gas in Kazansk oil field 
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The problem involving the source of oils in Cretaceous formations in the north of 
Western Siberia is still controversial nowadays. Many authors have often proposed that the 
source of oils in this area could be Golchikhin suite, embracing the Bazhenov suite, the rocks 
of which are the basic oil source within the territory of Western Siberia. However, it has been 
recognized that the organic matter content in the Golchikhin suite rocks is low in comparison 
to that in the Bazhenov suite. This fact itself is disputable when discussing the possible 
generation of sufficient hydrocarbons to further the formation of oil fields. 
Golchikhin suite extents to the Gidan and Khatanga facial areas in the north and far 
north-east of Western Siberia. Its composition embraces the stratigraphic analogues of 
Vasugan, Geogriev and Bazhenov sediment horizons of Callovian-Tithonian age of the 
central regions of Western Siberia [1]. The formation thickness is 950 m. According to 
geochemical characteristics Golchikhin suite is very weak.    
Rock-Eval 6 of core samples from one recently drilled well in Derjabinsk nose within 
zonal Yenisei- Khatanga depression (north-east of Western Siberia) was conducted. 
Golchikhin formation was drilled in at the depth of 3032-3510 m. The core samples defined 
152m, i.e. one third of the suite cross-section (Fig. 1). Obtained data indicated the fact that 
organic carbon content throughout the suite cross-section changes from 0.6 to 5.2 %. 
However, at the interval of the 3075-3095 m, rocks exhibit parameter S2 value (10.2-
13.1 mgr/gr), pertaining to rocks with very good generation potential [2], while HI value 
(346-382 mgr HC/gr organic carbon content) characterizes organic matter as oil-prone 
kerogen II.  In the remaining investigated cross-section S2 is not higher than 5 mgr/gr (poor 
and fair potential), while the rock organic matter produces kerogen III (HI value is less than 
менее 200 mgr HC/gr organic carbon content). Average Tmax value in the interval 3075-
3095 m is 433 оС. Thus, in the investigated area, the rocks have not reached the “oil window” 
but have retained its initial generation potential. 
GCMS analysis of extracts from several samples of the Golchikhin suite cross-
section (Fig. 1) indicated low organic matter catagenesis of these rocks, and showed a good 
correlation between  Rock-Eval and molecular parameters, which  furnish the facial-genetic 
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characteristic of the organic matter. Based on the data, it was proven that an interval with 
good oil-generating properties pertain to the minimum value of C29/C27 Steranes (0.97 and 
1.01), which, in its turn, is indicative of a marine-type organic matter. Parameter Pr/Ph value 
has several increased values (2.3 and 3.4) and characterizes the deposition conditions of rock 
organic matter as moderate reduction-oxidation ones.    
We assume that bituminous argillite layers could occur in the middle section of 
Golchikhin suite, relevant to Bazhenov horizon, in the north-east of Western Siberia. The 
accumulations of which processed in more reducing conditions than those conditions in the 
intervals shown by core samples.   
Obtained results correspond to the geochemical data for Bazhenov horizon rocks of 
Western Siberia: Bazhenov, Marjanov, Janovstan [3]. A regular decrease of the initial value 
HI from 710 to 400 mgr HC/gr organic carbon content and the increase of parameter Pr/Ph 
from 1.2 to 2.5 occurs within this series. At the same time C29/C27 Steranes ratio for all source 
rocks of this series is close to 1.0. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Specific geochemical parameters in the Golchikhin suite cross-section 
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Three oil base-types (Bazhenovsk, Togursk and Paleozoic), genetically associated 
with the regional basal source rocks (SR), have been established within the south-east 
territory of Western Siberia [1, 2]. Each of these oil types has a distinct series of diverse 
physico-chemical properties as a result of their different molecular composition and SARA 
content. Based on such diversity, the oils can be identified and related to this or that genetic 
type irrespective of their geological occurrence conditions within the formation itself.  
However, a detailed analysis indicated that apart from the three typical genetic types 
of oil, generated in relevant source rock areas, a specific type was distinguished- mixed oil 
type.  The term “mixed deposit-type” is used to illustrate the fact that several parent sources 
were involved in the formation of the liquid or gaseous components. In this case, the oil 
genetic pattern is characterized by a set of incompatible parameters, indicating a mixture of 
different generated source rocks within the oil deposit. The earlier described Lomov oil field 
showed a simple case of oil accumulation [3], as a result of the mixture of Togursk and 
Bazhenov suite product generation. Proved data shows evidence that within the investigated 
area the formation of mixed deposit-types is by far not  single occurrences as their number is 
consistent or even more than monotype deposits. Frequently, the deposits of all three oil types 
and their mixtures are confined to one oil field (Mil’dzhinsk, Luginechk and others). The 
conclusion that different parent sources were widely involved in the formation of hydrocarbon 
deposits can be proved when examining the gas component of reservoir (formation) fluids 
(Fig. 1b).   
The formation of mixed oil-type deposits originates due to the fact that migrating 
fluids entering the trap pass through (or contact with) those rocks generating hydrocarbons, 
even though this amount could be insufficient to form a commercial deposit. When this 
occurs, the molecular parameters determining the genetic-type of the incoming fluid change 
and this fluid attains its uncharacteristic properties. The most common case, in our opinion, is 
when the migration path in the process of oil deposit formation in U1 horizon includes layers 
of redox- enriched clay, carbons and coaly rocks.  This can explain the following facts as high 
iso-С4/н-С4 concentrations in gases of Bazhenov oils, increased Pr/Ph and Кi ratio in 
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Bazhenov and mixed oils (Fig. 1). One such example is Kazansk oil field and its systems, the 
deposit formation of which involves several sources [4]. 
 
Figure 1.  Interrelation of oil(a) and gas(b) molecular parameters of different genetic groups   
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The discovery of new accumulations of hydrocarbons in the Brazilian margin has 
highlighted the importance of the pre-salt lacustrine petroleum system (Parshall, 2010; 
Beasley et al., 2010). 
The possibility of finding a counterpart of this petroleum system with accumulation of 
oil in the West Africa margin has been addressed by Mello et al. (2011, 2012). 
Therefore the geochemical characterization of pre-salt lacustrine oil is crucial to 
determine its main molecular characteristics and to enable the correlation to recent 
discoveries, e.g. contrasting to Jubilee oil from Ghana, and planned projects, e.g. possibilities 
from offshore Namibia. 
The geochemical characterization of the pre-salt oils(a) includes both conventional and 
the high resolution geochemical technologies, HRGT, such as quantitative biomarker analysis 
by MRM-GC-MS, quantitative diamondoid analysis for oil cracking, compound specific 
isotope analysis of n-alkanes, biomarkers, and diamondoids, and quantitative extended 
diamondoid analysis. 
Pre-salt oil samples show overall geochemical similarities, but some notable 
significant differences, mainly for the isotope composition of n-alkanes. Although the n-
alkane isotope profile is similar (boat shape) for all the samples the isotope ratio ranges by up 
to 2 ‰ for n-alkanes ranging from C14 to C26. 
The isotope compositions of n-alkanes, biomarkers and adamantanes are shown in 
Figure 1. Features such as a “boat” shape to the CSIA-n-alkane profiles and strongly 13C-
depleted hopanes by CSIA-hopanes are consistent with their source origination from 
lacustrine sediments deposited in a stratified water column with anoxia at depth. Whereas, 
elevated 13C/12C ratios in the dinoflagellate derived sterane, 4-methylstigmastane (MS30, 
Figure 1), argues for high algal-bloom productivity in surface waters. 
______________________________________________ 
(a) The pre-salt oil samples were requested to the Brazil's National Petroleum Agency, ANP, 
by IPEXco. 
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Differences in the absolute carbon isotope ratios of the n-alkanes and possibly the 
diamondoids suggest facies differences among the source rocks for these three oil samples. 
 
 
Figure 1. Stable carbon isotope ratios of biomarkers and diamondoids for the pre-salt oil 
samples. 
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The high mature light oil is generated at late mature stage of kerogen in sedimentary 
basin. It was noticed very early but more detailed characterization of this type of oil is well 
performed. This hampers the oil exploration in deep strata of basin where the high mature oil 
generally occurs. The present work takes the high mature light oil in the southwest Tarim 
Basin as an example to study the formation of this type oil. 
The results show that oils from Kekeya area and well Kedong 1 were generated from a 
specific source rock, e.g., Permian lacustrine shale. The distinct biological markers, for 
instance, the rearranged hopanes may regard as good indicators for oil to source correlation. 
The mixture of different originated oils, which has been reported in this basin in the literature 
(Li et al., 2010; Jia et al., 2013), is not common in this region. 
The high mature oils in this region were generated and expelled from source rock after 
normal oil had expelled. Geological evidence shows that there is sedimentary hiatus between 
Permian and Jurassic, or Triassic and Jurassic (70Ma to 30Ma). The high thermal gradient in 
Pre-Triassic strata made Carboniferous and Permian marine source rocks lied at gas 
generation stage in the early Permian. Only Permian lacustrine source rocks lied at mature 
stage in that time and still had capability to further produce high mature oil. In late subsiding 
of basin, this source rock produced the light oils and formed Kekeya and Kedong 1 oil fields. 
The chemical and carbon isotopic compositions of oils are characterized by high 
mature molecular assembly and heavy stable carbon isotopic compositions. The aspects are 
the same as those showed by laboratory simulation of Permian lacustrine shale, in which the 
kerogen after expelling of normal oil was heated and hydrocarbons was produced with 
characterization of high mature biological markers and heavy carbon isotopic compositions. 
Thermal simulation of kerogen after expelling of normal oils also indicates that the 
generation of light oil reaches its maximum at Ro 1.5%. The carbon isotopic composition of 
yielded oils is heavier than normal oil by 4-5‰ at Ro 1.5%. This experiment implies that the 
high mature light oil may expel from kerogen at Ro 1.5%  and carbon isotopic composition of 
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n-alkanes will be around -27‰ (Figure 1) in comparison with original kerogen carbon 
isotopic composition -32‰ . 
Recently, high mature light oils have been found in many basins of China, for 
examples, the Tarim Basin and Dzungaria Basin. The study of high mature light oils will help 
find more this kind oils in the deep strata in those basins. 
 
 
 
Figure 1.  Carbon isotopic compositions of n-alkanes from Kekeya and Kedong 1 oils. 
Legends shown on light are the well numbers. 
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The objective of this study is determining the origin of hydrocarbon and non-
hydrocarbon gases based on the molecular composition and stable isotope compositions in the 
Polish Baltic region. The natural gases associated with oil in Middle Cambrian strata (3 
samples, Eastern Pomerania), and non-associated in Carboniferous and Rotliegend strata (7 
samples, Western Pomerania) were analysed for molecular and stable isotope compositions as 
follows: 12,13C in CH4, C2H6, C3H8, nC4H10, iC4H10 and CO2, 1,2H in CH4, 14,15N in N2, and 
3,4He, 20,21,22Ne, 36,38,40Ar, 78,80,82,83,84,86Kr and 124,126,128,129,130,131, 132,134,136Xe in noble gases.  
Molecular and isotopic compositions in gases from the Eastern Pomerania and 
Western Pomerania, are clearly different, which likely reflects their different tectonic setting. 
The linear trends in CH4, C2H6, C3H8, nC4H10 and nC5H12 system versus the reciprocal of 
their carbon number (Figure 1) suggest that analysed Middle Cambrian gases were generated  
by only single source rock from Type II kerogen. These gases were generated from Upper  
 
Figure 1. Stable carbon isotope composition of methane, ethane, propane, n-butane and n-
pentane versus the reciprocal of their carbon number for analysed natural gases. Position of 
curves based on average δ13C = -29.0‰ for Ordovician Type II kerogen and average δ13C =   
-24.8‰ for Upper and Lower Carboniferous Type III kerogen.  
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Cambrian-Tremadocian source rocks (Kotarba and Lewan, 2013). All natural gases from the  
Carboniferous and Rotliegend reservoirs of the Western Pomerania show “dogleg” trends 
(Figure 1). These trends and other isotopic correlation indicate that at least two phases of gas 
generation from single source rock of Type III kerogen took place: the first one at the stage of 
0.7 to 0.9%, and the second one at the stage of 1.5 to 2.0% in the vitrinite reflectance scale. 
Gaseous hydrocarbons were generated most probably from source rocks within the Upper and 
Lower Carboniferous strata. The “dogleg” trends generated from a single source have also 
been observed in hydrous pyrolysis gases generated from Oligocene Menilite Shales 
containing Type-II and Type-I kerogens (Kotarba et al., 2009).  
Carbon dioxide was mainly generated during thermogenic processes of transformation of 
organic matter and some gases from Lower Carboniferous and Rotliegend reservoirs 
containing endogenic component. The general increasing trend of 15N(N2) values with the 
growth of N2 concentration may suggest that nitrogen from both Eastern and Western 
Pomerania natural gases was mainly generated during thermal transformation of organic 
matter and/or from NH4-rich illites of the clayey facies of the Lower Palaeozoic and 
Carboniferous strata. Very high N2/40Ar for the gases from Western Pomerania might have 
been caused by accelerated thermogenic production of N2 gas under the condition of high heat 
flux from volcanic activity at the Devonian. Noble gases are in general heavily enriched in 
radiogenic and nucleogenic isotopes such as 4He, 40Ar and 21Ne accumulated in the reservoirs. 
Weak contributions of mantle-derived He and Ne are observed. Radiogenic 4He/40Ar ratios 
are higher than the average production rate ratio of about 5 for radiogenic 4He/40Ar in crustal 
materials, which might be caused by selective supply of lighter isotope 4He than 40Ar from 
crustal rocks surrounding the gas reservoirs, or (U+Th)/K ratio might be higher than the 
crustal average one in the reservoirs.  
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Most petroliferous basins across the world usually developed several sets of source 
rocks and experienced multi-period tectonic movements that make the multi-source 
petroliferous system complicated. Different maturity evolution processes caused the 
controversial oil-source correlation and incorrect reserve estimations. Given that stable 
carbon isotope may provide the required insight into the slight variations within similar 
organic matter types, the δ13C values of individual n-alkane have been widely used in 
oil-source correlation and reconstructing paleoenvironment and paleoclimate [1,2]. However, 
the secondary geochemical reactions also make great impact on the δ13C characteristics of 
n-alkanes. Such as, when crude oil cracking degree increases by more than 50%, the δ13C 
values would increase by 4‰ [3]; gas-washing fractionation could deplete up to 40~50% of 
the n-alkanes [4], and make their δ13C values rise by more than 2‰; biodegradation of oils 
happens mostly in aerobic condition, leading to slightly 13C depleted δ13C values, but when 
the oils undergo above 3 level biodegradation mixed with later normal oils, the isotope of 
n-alkanes mainly reflects the characteristics of later oils. The secondary geochemical 
reactions in the multi-period petroliferous system are complication and superposition, so the 
oil-source correlation is ambiguous when just based only on the carbon isotopes of 
n-alkanes. 
The marine oils of Tarim Basin mainly come from two source rocks: Cambrian-lower 
Ordovician and middle-upper Ordovician. The issue of oil-source caused by multi-period 
mixing is still a great challenge for the geologists. In the late Caledonian, the Cambrian 
source rocks generated oil abundantly, and the TD-2(Cam), LN-62(D) and Q-7(D) are the 
typical oils. Affected by mixture process of cracking, biodegradation and multi-period mixing, 
the δ13C values of n-alkanes is selectively -31.0~-29.7‰, -29.1~-30.5‰ and -36.6~-32.9‰, 
and the characteristics of end-number oils are different. Through detailed analysis on the δ13C 
of individual hydrocarbon, we found that the δ13C value of n-alkanes is heavier than that of 
biomarkers, e.g. biomarker 13C of LN-62(D) oil from Cambrian is 10‰ lighter than the δ13C 
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value of n-alkanes (Figure 1). The presence of 25-norhopanes obviously found in the 
LN-62(D) oil indicated that the degradation of the oil has reached level 6 or more, and the 
n-alkanes in this oil most probably come from the late charging, which may not represent the 
original source information. On the other hand, the δ13C of biomarkers may represent the 
original source information. If the oil experienced intense biodegradation or cracking and the 
δ13C of biomarkers cannot be detected, we have to identify oil-source correlation by the δ13C 
of adamantanes, which are very stable compounds in oils. 
 
Figure 1. The δ13C characters of n-alkanes and biomarkers in the LN-62(D) oil 
In complex geological multi-source and multi-stage petroliferous systems, a single 
isotopic system of n-alkanes may be inadequate or many parameters for oil/source correlation 
may not function well due to, e.g., high maturity, oil cracking and biodegradation. The 
combination of stable carbon isotope of biomarkers and adamantanes can provide greatly 
enhanced resolution for the oil-source correlation. 
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Recently, a large oil field of 6600-7000 m burial depth has been discovered in Tabei 
uplift of Tarim basin, and it shows a great exploration potential for oil in the marine 
combination. The main exploration target in this area is Ordovician carbonate rock. It has 
strongly heterogeneous reservoirs and complicated fluid distribution. Through analyzing 
samples of oil, gas and water in the area, in combination of field production and testing data, 
this study believes that the oil pool contains dominantly normal oil characterized by low 
viscosity, low sulphur, and high wax. It has a low content of natural gas, which presents 
typical characteristics of wet gas and is oil associated gas. The oil in the Ordovician oil pool is 
from the Middle and Upper Ordovician source rocks in the Manjiaer depression, and the 
accumulation time of oil and gas is in the Late Hercynian (Late Permian). Since the 
deposition of the Triassic, the Ordovician oil pool has been deeply buried and preserved. 
The Ordovician carbonate reservoirs are dominantly pores, cavities, and fractures, and 
have strong heterogeneity. The development of reservoirs is controlled mainly by the setting 
of Caledonian palaeogeomorpholgy. Sedimentary facies, faults (fractures), ancient 
karstification and factors affect the strength of the reservoirs. The reservoir body of fractures 
and cavities are extensive horizontally, characterized by the shape of bands along faults.The 
reservoir body of cracks and cavities is distributed in the shape of strip and laminate along 
faults and excellent reservoirs are mostly in the range of 70-100m below the top of the 
Yijianfang Formation. As a whole, the oil pool is a fracture-cavity pool controlled by 
interbedded karst reservoirs and is a complex composed of stacked karst fractures and cavities 
of various sizes. It contains oil in large areas horizontally which is quasi-laminated in 
distribution, and the accumulation of oil and gas is controlled by the distribution and 
development degree of Ordovician carbonate reservoirs. The study shows that this area has 
abundant resources and a great potential. 
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In recent years, hydrocarbon prospecting of China marine basin progressed quickly and 
discoverd series of marine oil filed, marine oil and gas is now playing a more important role. 
Especially, under the guide of new hydrocarbon geological theory of marine basin, exploration 
of marine oil and gas will enter a high-speeding development period, by which the pressure of 
eastern terrestrial facies basins prospecting and exploitition will be eased greatly. Abundant oil 
and natural gas is embedded in Palaeozoic strata of the Tarim Basin in which reservoirs are 
buried at the depth about 5500~10000m. The phase states of hydrocarbon fluids in depth or the 
depth where mass liquid oil lost is a concerned theoretical question, and the question that 
marine facies in the Tarim Basin rich in gas or oil related to the future deliverability plan of 
Tarim oil field. We studied the thermal stability of oil in the Tarim Basin, especially researched 
the compensating effect of low geothermal gradient and quick deep burial process, considered 
that the depth where oil cracking began is at 9000~10000m or deeper, and the correspondent 
reservoir temperature is higher than 210º, a mount of oil may exist above this depth. Though 
the research of key geosciences problem of hydrocarbon migration and accumulation, it 
demonstrated that hydrocarbon mainly accumulated in late hercynian stage in the platform area, 
and hydrocarbon generated from source rocks are primarily charged into steadily existed 
paleo-uplifts and the slope area; during late hercynian stage, those carbonate reservoirs were 
buried in the depth of 800~2500m and karst reservoirs developed, which is the base of blanket 
hydrocarbon accumulation and consequently implied that reservoirs located in the Slope area 
buried in depth of 7000~9000m will be the important prospecting region of black oil and 
condensate oil. According to the aspect of hydrocarbon accumulation, the proposal of the large 
area, quasi-layerd , sequential distributed and fracture-cavern accumulation models expanded 
the hydrocarbon exploration area and decreases the exploration cost; the discovery of series of 
old aged reservoirs has enhanced geologists’ faith to seek primary type oil reservoirs in 
complex structure area. Our studies suggest that the main exploration area can extend to the 
depth of 9000m around the uplift slope. 
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The Moesian “Platform” – situated between the Carpathians and the Balkan orogeny – 
has been proven one of the most important petroleum provinces of Romania. Several source 
rocks have been recognized on Moesia. However, the maturation history of individual source 
rocks and contribution to the petroleum province is not well understood. 
The main objective of this study is to evaluate the petroleum system in Harlesti – 
Peretu area, located in Central Moesian Platform, using 2D basin modeling (PetroMod 2D) of 
a regional geological transect. The transect is based on a composite seismic line converted to 
depth and balanced using 2D Move. In addition, 1D models based on geological and 
geochemical data from wells were used for calibration of the 2D model. 
In our area of interest the main source rocks are the Silurian – Lower Devonian black 
shales, and the Middle Devonian – Lower Carboniferous bituminous limestones. The main 
reservoir sections are Paleozoic fractured dolomites, Triassic carbonates, Lower Cretaceous 
and Miocene sandstone. The seals represent shales of various ages. 
Screening and special 
geochemical analyses have been 
performed on rock, oil and gas 
samples as follows: extractible 
organic matter, Rock-Eval 
pyrolysis, vitrinite reflectance, 
biomarkers and isotopic 
analyses. The oil samples used 
to calibrate the 2D model have 
been selected based on 
biomarker analysis (Figure 1). 
 Figure 1.  Oil maturity diagram 
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We have used the 2D basin modeling to understand the maturation and migration 
history from the different source rocks into the reservoir sections above. Our conclusion is 
that in our area of interest several petroleum systems acted together to form a rich 
hydrocarbon province.  
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The East Midlands hydrocarbon province has been one of active hydrocarbon 
exploration since 1918, with the first oil being discovered at Hardstoft in east Derbyshire in 
1919 (BGS, 2011). A major exploration drive shortly before the Second World War resulted 
in the discovery of the Eakring-Dukes Wood, Caunton and Kelham Hills oilfields in the years 
between 1939-1943 (Kent, 1985).  Exploration and production in the region turned less 
favourable in the 1960s for economic reasons and the shift of activities to then new frontier 
areas like the North Sea. Revised arrangements for the issue of production licences and an 
increase in world oil prices led to a renewed phase of exploration in the 1980’s resulting in 
sizeable discoveries like Salfleetby in 1986, the largest UK onshore gas field with an 
estimated GIIP of 114 bcf (DECC, 2010). With unconventional petroleum resources also now 
of interest, the area is once again the subject of attention, though published petroleum 
geochemical studies on the East Midlands have remained sparse.   
In this study, a number of oils from the area have been geochemically investigated for 
molecular similarities with samples of potential Carboniferous source rocks. Bulk 
geochemical analysis was employed to determine oil-generative potentials of samples from 
the Carboniferous Dinantian and Namurian in the Widmerpool Gulf area of the East 
Midlands. In general, relatively high genetic potentials for petroleum within both the 
Dinantian and the Namurian sequences were found at several stratigraphic levels with 
different carbonate-to-clastic ratios. Internal heterogeneity within each sequence, however, 
cannot be overlooked. The results of total organic carbon (TOC), Rock-Eval and vitrinite 
reflectance (VR) analyses, were used to choose representative source rocks of both sequences 
for further biomarkers analysis.   
Biomarker and other molecular geochemical ratios for maturity (using hopanes, 
steranes and aromatics) and provenance (source and depositional environment) were 
measured for the oils and the extracts for correlation and classification purposes. Two oil 
families were proposed based on their (mainly maturity-indicating) biomarker parameters. 
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Oils from Crosby Warren and Corringham can be separated from another group constituted 
by the Widmerpool Gulf oils. As a result, a common access to charge can be envisaged for 
the Widmerpool Gulf oilfields studied here. The source/depositional environment indicating 
biomarker ratios did not reveal obvious reasons to classify the oils into more than one family. 
This could be due to the generally high maturity levels of the oils that could have overprinted 
such sensitive ratios from generally similar sources, or due to charge mixing.   
In the Widmerpool Gulf rock samples, the Namurian samples show lower molecular 
maturity parameter values than their Dinantian counterparts, while source parameter values 
were similar to both oil groups (apart from one of the samples). These observations, coupled 
with the VR, Rock-Eval and TOC results suggest a possible contribution from both source 
rocks to the oil pools of this basin. The contribution from the Namurian, however, is likely to 
be from laterally more mature equivalent source rocks in the basin.  
While biomarkers could not be used to differentiate between oil families due to the 
general similarity of respective provenance-related biomarkers, they were useful for basic 
source classification. Three source rock families are proposed based on provenance, two of 
which are genetically-related and well-sampled, the Dinantian and the Namurian claystones 
and shales. Pro-delta source rock depositional settings in the Dinantian as well as in the 
Namurian, have been previously proposed (Fraser and Gawthorpe, 1990) and this is 
supported by this present study. The third source rock family is potentially represented by a 
unique sample. Despite its appearance as a single data point of different provenance, this 
sample attracts attention as a potential high TOC carbonate body within the Dinantian.  
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Series of marine shale strata widely distributed in Upper Yangtze Area, are the 
important hydrocarbon source strata in southern China. Because of the rapid development of 
unconventional shale gas in the United States, they are focused once again. In this article, 
marine shale deposition area, the deposition thickness, Total organic carbon and t. The thermal 
evolution of source rocks are used to reveal distribution characteristics of the marine shale in 
Upper Yangtze Area. 
Three sets of marine shale strata, including  Early Cambrian Niutitang Formation, Late 
Ordovician Wufeng Formation and Early Silurian Longmaxi Formation , exist in Upper 
Yangtze Area and have the different distribution characteristics respectively. 
1. Deposition area: Except Leshan-Longnüsi paleo-uplift region, three sets of source 
rocks have distributed widely in Upper Yangtze Area, Especially East-Northeast Sichuan 
Province, Chongqing Province and Southeast Guizhou Province. But the deposition a thin or 
hiatus happen occasionally on Late Ordovician Wufeng Formation in some area of the above 
places. 
2. Deposition thickness: The sedimentary center of Early Cambrian Niutitang 
Formation is north and south Area form NE Sichuan Province to SE Guizhou Province. The 
Maximum deposition thickness of Early Cambrian Niutitang Formation is over 200 meters. The 
sedimentary center of Late Ordovician Wufeng Formation and Early Silurian Longmaxi 
Formation are located in NE Sichuan Province and Chongqing Province . The Maximum 
deposition thickness is over 120 meters. 
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3. Total organic carbon: Total organic carbon of three sets of marine shale are high, and 
greater than 1.0% generally. The TOC high value area of the Lower Cambrian Niutitang 
formation, TOC> 5.0%, has developed in East Sichuan province,Chongqing province,West 
Hunan province and SE Guizhou province. The high value area is about 50,000 square 
kilometers. The TOC high value area of Late Ordovician Wufeng Formation and Early Silurian 
Longmaxi Formation, TOC>4.0%, distribute mainly in Chongqing. The high value area is 
about 15,000 square kilometers. 
4. The thermal evolution of source rocks: The thermal evolution of the Lower Cambrian 
Niutitang formation is high, and greater than 2.5% generally. Its high value area, Ro > 3.5%, 
has developed in NE Sichuan province and NE Guizhou province. The thermal evolution of 
Late Ordovician Wufeng Formation and Early Silurian Longmaxi Formation is also high, and 
greater than 2.0% generally. Its high value area, Ro > 3.2%, are similar to the Lower Cambrian 
Niutitang formation. 
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Sichuan Basin is one of the basins rich in natural gas resources in China. It is a typical 
Cratonic Paleozoic-Mesozoic-Cenozoic superimposed basin. Over 200 gas fields have been 
discovered in the basin, the main reservoirs distributed in pre-Cambrian, Cambrian, 
Carboniferous, Permian, Triassic, etc. The northeast Sichuan Basin is one of the gas regions 
in Sichuan Basin, where most of giant gas fields were discovered, some of which with high 
H2S.  
This study includes 68 natural gas samples from over 20 gas fields in the northeast 
Sichuan Basin. Natural gas component and carbon isotopic analysis were carried out on most 
of the samples. Based on the data analysis, some conclusions are obtained. High-matured 
natural gases with simple hydrocarbon components are mainly composed of methane and 
small amounts of heavier hydrocarbon gas in northeast Sichuan Basin. Natural gases from 
Feixianguan Formation of Daba mountain frontal zone and from Jialingjiang Formation of 
Wolonghe gas field have high contents of H2S. Influenced by source organic matter, thermal 
action, mixed action and organic-inorganic interaction, methane carbon isotope differs 
slightly, and ethane carbon isotope differs significantly, methane and ethane carbon isotopes 
inversed widely. Generally, the early generative natural gas rich in heavy hydrocarbon have 
lighter carbon isotope than the late one deficient of heavy hydrocarbon. The two types of 
natural gas mixed, which might be an important cause of isotope inversion. Triaromatic 
steroids are affected slightly by maturity; this research finds out that they may be used for oil 
to source correlation in northeast Sichuan Basin. Compared to natural gas, bitumen and 
source rock, Carboniferous natural gas are possibly mainly from Lower Silurian source rock, 
Permian and Triassic natural gas are generated from the mixed gas of Lower Silurian and 
Upper Permian source rock, the mixed scale is not assured. 
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 Table 1.the gas reservoir features of natural gas field of northeast of Sichuan Basin 
Field 
name 
Formati
on age 
Trap 
type Lithology 
 
Net 
thickness
(m) 
Porosity 
(%) 
Proven 
reserves(b
cm) 
Reserves 
abundance 
(bcm/km2) 
depth
(m) 
Wolon
ghe 
T、P、
C 
structur
e dolomite 28-200 5.90 38.1 12.97 2550
Shapin
gchang C 
combin
ation dolomite 10.8-64 6.00 39.8 5.63 4900
Wubait
i C 
combin
ation 
Dolomite 
with solution 
vugs 
14-33 6.21 54.0 3.84 4500
Puguan
g T1f 
combin
ation 
Oolitic 
dolomite 175m 6.7 25.1 38.53 5100
Luojiaz
hai T1f 
combin
ation 
Oolitic 
dolomite 38.8 5.5 58.1 9.37 3400
 
Figure 1 Distribution map of regional structure and gas fields in northeast of Sichuan Basin 
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BIOMARKERS, ISOTOPES, AND CHEMOMETRICS IDENTIFY MULTIPLE 
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The prolific Los Angeles basin may be the most petroliferous province on Earth per 
unit area. However, because most exploration in the basin occurred prior to the advent of 
modern geochemical methods, genetic relationships among the various petroleum 
accumulations and their source rocks remain speculative. Source-related biomarker and stable 
carbon isotope ratios for 112 nonbiodegraded or mildly biodegraded oil samples from the 
basin were used as a training set to construct a chemometric (multivariate statistics) decision 
tree that allows the genetic classification of additional oil or source-rock extracts that might 
be collected. The decision tree identifies five tribes and a total of 12 genetically distinct oil 
families that were not previously recognized. The families exhibit different bulk properties, 
such as API gravity, sulfur, and metal content.  Some of the families also show differences in 
thermal maturity, but the decision-tree classification is clearly based on differences in genetic 
properties. The oil families occur in reservoirs from different parts of the basin and at 
different stratigraphic levels consistent with their origins from distinct pods of active source 
rock. Stable carbon isotope data for saturate and aromatic fractions of the samples suggest 
Neogene source rocks, including Delmontian black shale and the basal Mohnian nodular shale 
unit of the Modelo Formation. The source rock depositional environment for each oil family 
can be evaluated using biomarker ratios. For example, tribes 1 and 2 straddle the Central 
Trough to the east of the Newport-Inglewood Fault Zone and show evidence of elevated 
clastic and higher-plant input (e.g., elevated C24/C23 tricyclic terpanes and oleanane, 
respectively). Unlike tribes 1 and 2, tribe 5 occurs west of the Newport-Inglewood Fault Zone 
and shows evidence of a more distal, clay-poor source rock (e.g., lower C24/C23 tricyclic 
terpanes and oleanane, elevated steranes/hopanes and bisnorhopane). As another example, 
tribe 5 oils occur in deeper intervals (9007-10,480’) than tribe 3 oils (3531-6842’) in the giant 
Wilmington field.  
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DEPOSITIONAL PALEOENVIRONMENT OF BRAZILIAN CRUDE OILS FROM 
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FLIGHT MASS SPECTROMETRY 
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Universidade Federal do Rio de Janeiro, Instituto de Química, Ilha do Fundão, Rio de 
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The discovery of new reserves and the record increase in Brazilian oil production in 
recent years show the greatest need of a detailed characterization of petroleum constituents, 
which include different chemical classes characterized by a wide range of volatilities and 
structural differences. Besides the analysis of saturated hydrocarbon fractions, which 
concentrates the major biomarkers, the aromatic fraction consists of hundreds of compounds 
and can provide geochemical information, mainly when saturated biomarkers are degraded. 
Comprehensive two-dimensional gas chromatography coupled to time of flight mass 
spectrometry (GC×GC-TOFMS) is currently the most powerful analytical tool capable of 
high resolution separation of complex mixtures, and was applied to provide an extensive 
geochemical characterization of Brazilian crude oils, including the analysis of unusual 
compounds, normally encountered in trace amount in petroleum samples. 
Samples were fractioned into saturated hydrocarbons, aromatic and polar compounds 
by liquid chromatography. Saturated hydrocarbons and aromatic compounds were analyzed 
via GC×GC-TOFMS. The selected column set is composed by a non-polar column (DB-5) as 
first dimension and a slightly polar column (BPX-50) as second dimension. 
Comprehensive two-dimensional gas chromatography (GC×GC) provides a detailed 
analysis of biomarker composition of oils. The higher peak capacity, resolution and sensitivity 
of GC×GC allowed the identification, besides the usual biomarkers, of 3β- and 2α-methyl-
hopane series, 8, 14-seco-hopane series, onocerane isomers, monoaromatic and triaromatic 
steroids, methyl-triaromatic steroids, benzohopanes and D-ring monoaromatic 8, 14-seco-
hopanoid series. Few papers have reported the investigation of aromatic compounds in 
petrochemical samples using GCGC, especially regarding aromatic steroid and hopanoid 
analyses, due to difficulties in their identification. 
As observed by Oliveira et al. (2012), the predominance of the 3β-methyl-hopane 
series and onocerane were identified only in the lacustrine oil samples. In opposition, the 
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predominance of 2α-methyl-hopane series and low levels of onocerane were observed only in 
the marine oil sample. 
Biomarker parameters for oils, regularly used to predict organic matter input, 
paleoenvironmental conditions, thermal maturity and degree of biodegradation of the oils 
were calculated using GC×GC–TOFMS data (Table 1). 
Table 1. Biomarker ratios for eight Brazilian crude oils based on the GC×GC-TOFMS results. 
Samples 
BAS48 CG01 FC01 FBE01 BAS39 BAS11 BAS122 ESS53
Origin 
C30 Hopane/Steranes 8.99 7.53 5.11 3.59 1.89 0.79 1.01 1.57 
Steranes/17α-hopanes 0.23 0.28 0.30 0.47 1.42 1.77 1.34 1.27 
Tr26/Tr25 1.42 1.33 1.32 1.30 0.62 0.82 1.03 1.25 
β-Carotane* 7,83 3,33 2,19 5,06 2,37 3,06 0,58 1,12 
TPP* 3,13 2,17 2,60 5,44 0,48 0,73 0,10 0,22 
Maturation 
H32 S/(S+R) 0.60 0.59 0.58 0.56 0.60 0.58 0.65 0.61 
20S/(20S+20R)St 0.62 0.48 0.47 0.47 0.55 0.63 0.58 0.52 
C29 αββ/αββ + ααα 0.40 0.53 0.54 0.40 0.48 0.54 0.55 0.56 
Ts/(Ts+Tm) 0.40 0.51 0.39 0.44 0.39 0.60 0.46 0.64 
Biodegradation 
25NH/H30 0.06 0.24 0.80 2.01 - - 0.02 0.07 
New parameter 
% 3βMH31/H30 1.93 1.87 1.53 1.47 0.18 0.66 n.d. n.d. 
* Relative concentration to internal standard (deuterated tetracosane); n.d., not detected; TeT24, tetracyclic 
terpane C 24; 25NorH, 25-norhopane; Ts, 18α(H),21β(H)-22,29,30-trisnorneohopane; Tm, 17α(H)-22,29,30-
trisnorhopane; TPP, tetracyclic polyprenoid; C30 Hopane/Steranes = H30/Ʃ ααα + αββ St27-St29(S + R); 
Steranes/17α-hopanes = Ʃ ααα + αββ St27-St29(S + R)/ƩH29-H33 (S + R).  
Following usual depositional environmental ratios, as well as the absolute amount of 
TPP, the samples have been divided in two groups: lacustrine (BAS48, CG01, FC01 and 
FBE01) and marine (BAS39, BAS11, BAS122 and ESS53). All oils showed in general, 
values of the parameters corresponding to similar thermal maturity and little or no 
biodegradation in the reservoir, except the sample FBE01, which shows higher 
biodegradation level.  
Finally, the investigation of unusual biomarkers allowed the proposal of a new ratio, 
based on the identification of the methyl-hopane series. Following the percentage of 3βMH31 
in relation to H30, higher value than 1 are indicative of lacustrine origin, and the ones less 
than 1 are with marine origin. This cutoff value was suggested taking as a basis the oils under 
study. 
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Based on a series of geochemistry studies, accumulation characteristic was pointed out. 
Three evidences indicate that the natural gas in reef and oolitic reservoir derived from multi-
source rocks. According to the cross-plot of natural gas δ13C1-δ13C2, the δ13C1 and δ13C2 
values of natural gas in reef and oolitic reservoir distribute between those of coaled natural 
gas generated from Longtan coal measures and those of oil cracking gas derived from the 
deep source rocks of Silurian and Cambrian. The value of 40Ar/36Ar in Puguang gas field was 
found to range from 1280 to 1690, which reflects that the natural gas in oolitic reservoirs 
should come from several sets of source rocks, which were deposited prior to 383 Ma 
(Cambrian and Silurian) and more recently than 323 Ma (Carboniferous), instead of a single 
source. A chart of the δ13C value is achieved to demonstrate the correlation among natural gas, 
solid bitumen and Kerogen. Natural gas in reef and oolitic reservoir is correlative with the 
source rocks of Upper Permian, Lower Permian, Silurian and Cambrian. It is believed that 
more natural gas reserves derived from multi-source rocks could be found here in future. 
Gas accumulation processes experienced three phases, with liquid hydrocarbon 
charging at an early stage, cracking into gas at a high to over mature stage, adjustment of gas 
reservoirs at an uplifting stage and final reservoir generation at a late stage. The 
homogenization temperature for phase I was low (<120°C), indicating liquid hydrocarbon 
inclusions and early charging of liquid hydrocarbons. The homogenization temperature for 
phase II was 130 °C– 150°C, reflecting gas-liquid two-phase hydrocarbon inclusions as well 
as mixed charging of liquid hydrocarbons and their associated gas with gaseous hydrocarbons 
sourced from coal measures. The homogenization temperature for phase III was higher than 
160°C, indicating brine-bearing gas hydrocarbon inclusions. In addition, the Laser Raman 
detection result shows H2S-bearing high temperature gas hydrocarbon inclusions (dominated 
by methane) as well as liquid hydrocarbon pyrolysis and gas generation and accumulation 
events. Tectonic activities in the Himalayan period caused gas reservoirs to be destroyed or 
reformed. Gas reservoirs were subsequently shaped after the Himalayan period. 
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This study presents the results of geochemical analyses of saturated hydrocarbons of 
67crude oils from wells and fields in the Pannonian Basin, SE Hungary. The oils were 
compared on the basis of their regular acyclic isoprenoid distributions and n-alkane 
hydrocarbon content. Whole oils were examined without physical or chemical pre-treatment 
by gas chromatography. The compositional characterization of the oils was accomplished by 
utilising the acyclic regular isoprenoid and normal alkanes in the C7- C20 molecular range. 
The objective of this paper is to elucidate the effect of maturation on distributions of 
C9-C20 isoprenoids in crude oils. A considerable part of oils studied was classified on the 
basis of Sajgó (2000), i.e. maturity ranking based on cracking parameters of different 
biomarker homologues.  
We looked for the possible sources of the lightest acyclic isoprenoids (C9-C16) in the 
samples. We checked the conclusions of two earlier studies (Illich, 1983 and Kissin, 1993): 
those suggested that the transformation of heavier isoprenoid alkanes into lighter ones 
probably occurred during maturation (in a series of radical cracking and acidic clay-catalyzed 
reactions from thermocracking of three individual isoprenoids, pristane (pr), phytane (ph) and 
squalane) and/or migrational fractionation, and process of post-accumulation degradation 
(bacterial alteration). We concentrated on maturation and the reaction products in 
thermocracking of pristane and phytane in this study, without considering organic facies. 
Nor(norpristane)/pr vs. pr/ph plot (Figure 1. A) shows the maturity dependency of 
these ratios. The least mature oils fall close to the pole reflecting the dominancy of the longer 
chain isoprenoid over the shorter ones. Maturity of the oils increases towards the higher ratios. 
Kissin (1993) suggested that pr and ph both generate C10, C13 and C15 isoprenoids in 
larger (and similar) proportions than ones of different chain lengths. If we compare iC10 to pr, 
ph and pr+ph we can observe that there is an exponential correlation between the data (Figure 
1. B). Maturation decreases downward on the slope of the trend lines. 
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Figure 1.  Distribution of regular acyclic isoprenoid alkanes in crude oils. All data are the 
proportion of the given isoprenoid to all isoprenoids. 
 
Considering the longer (C16, C18) isoprenoids, we can observe that there is a striking 
difference between (very) mature and low or least mature oils on the iC16+iC18 vs. ph plot 
(Figure 1. C). (Note, that the trend lines of the two mature and two immature groups overlap.) 
The explanation for the different trends is that in mature oils the cracking of ph, iC16 and 
iC18 to shorter isoprenoids occurs, however, ph provides a supply for iC16 and iC18 as well. 
As the amount of ph drops to a given level, the cracking of iC16 and iC18 becomes dominant 
over generation. Figure 1. D shows that pr and ph relative concentrations correlate well in 
mature oils and scatter in immature ones. 
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Purpose of the research was to investigate geochemical and genetic nature 
of hydrocarbon seepages and to assess their usefulness during correlations. During analysis 
there were collected 11 samples of hydrocarbon seepages and crude oils from the Silesian, 
Magura and Skole units. Samples were obtained from six surface hydrocarbon seepages 
and five wells, which were located in places of hydrocarbon surface presence. Sampling 
location is shown on the map (Figure 1). 
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Figure 1. Sampling area in the context of Carpathians (according to Jarmołowicz-Szulc and 
Jankowski, 2011) 
 
Hydrocarbon seepages samples were treated like crude oil samples obtained from 
production wells. Density, kinematic viscosity, sulfur content and group composition were 
determined in samples. Chromatographic analysis of those samples were performed using 
Trace GC Ultra gas chromatograph from Thermo (with Rtx-1 column and FID detector; 
samples were dissolved in carbon disulphide). The analysis of the saturated and aromatic 
fractions were performed with gas chromatograph coupled with mass spectrometer (Trace GC 
Ultra with Polaris Q ion trap). 
GC-MS analysis of saturated fraction of samples demonstrated large variations, 
depending on the degree of biodegradation. Research showed presence of hopanes (m/z 191) 
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with a dominant C30 hopane. There was no bisnorhopane, excluding single case of Bandrow 
sample (what can be explained with a different tectonic unit – Skole). In addition, in Bandrow 
sample steranes (m/z 217) were present with dominant ααR isomers. 
Aromatic fraction distributions of samples were dominated by naphthalene 
compounds (over phenanthrenes compounds). Dibenzotiofene and its derivatives were present 
in trace quantities, making impossible to calculate ratios based on these compounds.  
Performed studies showed usefulness of hydrocarbon seepages for genetic evaluation 
of hydrocarbons in this area and correlation of oils in Carpathians oilfields. In most cases, 
seepages can be studied and analyzed in the same way as crude oil samples taken from 
production wells. However, interpretation and correlation of these results should take into 
account the guidelines listed below. 
 Indicators based on light hydrocarbons, in the range C1 to C9, should not be correlated 
because these compounds are easily degradable. 
 Indicators Pr/n-C17 and Ph/n-C18 should be used carefully because of external factors 
(biodegradation, weathering, water washing) influence on these indices values. 
 Degradation does not change the composition of hopanes, and thus all indicators calculated 
on this basis can be a good correlation tool in studied area. 
 Degradation does not change the percentage composition of steranes, but the migration 
process may affect the composition of isomers. In such case methylofenantrenes maturity 
indices can be determinative. 
Such research can be performed in another tectonic units for more detail evaluation 
of Carpathian tectonic history. 
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Geochemical survey on the subsurface microseepeages of gaseous hydrocarbons over 
the Pomeranian Synclinorium area, NW Poland, evidenced anomaly zones of their migration 
from source rocks [1]. This region is prospective for oil and gas accumulations, where 
stratigraphic-lithologic traps may occur in Mesozoic strata. Cretaceous and Jurassic sequences 
in cores from Czarnowo-1 and -2 (Cz-1, Cz-2; 4 km apart) wells are composed of mudstone-
claystone and marly-carbonate facies interbedding by clayey sandstones (porosity up to 37%, 
permeability up to 13000 mD). Extended geochemical studies were performed on 118 core 
samples within interval from the Lower Cretaceous to Liassic in the Cz-1 well (depth 720 – 
1718 m, Berriasian – Toarcian) and Cz-2 (depth 520 – 1783.2 m, Hauterivian – Toarcian). 
The TOC content is up to 10% in claystones and mudstones, while up to 28,7% in black 
mudstones containing coaly interlayers and relatively low yield of extractable organic matter 
(EOM, below 1330 ppm). Prevalence of resins and asphaltenes content (55 – 90%) in EOM 
and comparatively low content HCs fraction (10 – 30%) is indicative of the kerogen low HC 
potential which is confirmed by HI values <200 mg HC/g TOC (Rock Eval). Kerogen 
contained in the Cz-1 and Cz-2 lithostratigraphic sequences is type III gas prone of maturity 
below 0.5% vitrinite reflectance, however in the samples from the Upper Jurassic strata it 
reveals characteristic of type II kerogen with good and very good HC sourcing (HI 200 – 500 
mg HC/g TOC). HCs are syngenetic with OM and their residual potential S2 does not exceed 
40 mg HC/g of rock. 
Complementary information are evaluated from data on biomarker composition  
(GC-MS of the rock extracts) in selected 20 samples from Mesozoic horizons of both wells. 
n-Alkanes are represented by n-C10 – n-C36 homologues. Except analyzed Cretaceous 
Cz-2 rocks, in the Jurassic rocks (depth 800 – 1800 m) they show bimodal distribution within 
homologues below and above n-C20 with n-C17 and n-C25 highest relative abundances in 
respective ranges (Fig. 1, trace B1, depth 1716.2 m). The higher molecular n-alkanes (>n-C20) 
show domination of odd-carbon-numbered homologues with CPI22-30 values ranging from 1.4 
to 2.1 indicating OM low maturity. In contrary, profile of lower molecular n-alkanes (<n-C20) 
does not show homologue dominance. In controversy, overlaying Jurassic strata contain 
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monomodal n-C10 – n-C36 signature with CPI22-30 below unity (Pr/Ph ratio 0.54), as is 
evidenced in the Valanginian (Cretaceous) mudstones of Cz-2 well (Fig. 1, trace A1, depth 
667.4 m), which is indicative of generation from more matured source rocks including 
kerogen deposited under reductive conditions. However, in the analyzed underlying Jurassic 
rocks increasing trend of Pr/Ph values with depth is observed. Furthermore, the characteristic 
feature of HCs in the Jurassic rocks is presence of even-carbon-numbered C18 – C24  
n-alk-1-enes with steady abundance decrease of increasing chain carbons. All analyzed Cz-1 
and Cz-2 rocks show also strong domination of even-carbon-numbered n-alkylbenzenes. 
Pentacyclic triterpanes in Jurassic rocks are represented by structures characteristic of 
lower maturity (Fig. 1, trace B2): 17β(H),21β(H)-22R hopanes of biological configuration 
(gradually disappearing with rock depth), neohop-13(18)-enes and benzohopanes, where 
regular 17α(H),21β(H) hopanes are showing up in minor concentration at depth below  
1400 m (OM transformation corresponding to of vitrinite reflectance below 0.45%).  
It strongly supports kerogen maturation stage at which liquid HCs were not released yet. 
Reversal hopane composition with depth in Valanginian mudstones of Cz-2 well (Fig. 1, trace 
A2) is reflected by dominance of regular 17(H),21β(H) hopanes which diastereoisomers 
22R/22S reached optical equilibrium. Their extended H34 and H35 homologues show an 
elevated concentration. This anomaly of HC composition accumulated in Valanginian, typical 
of kerogen type II origin and oil window maturity, is explained by HC migration from strata 
underlying Mesozoic sequence through permeable structural discontinuities and formations. 
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CASE STUDY: GEOCHEMICAL CHARACTERIZATION OF ROCKS AND OILS 
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Exploratory well A, located in central Croatia, in the vicinity of the capital Zagreb 
proved the oil discovery. Detailed geochemical characterization of types and maturity of 
organic matter in a sense of source rocks and hydrocarbon potential determination were the 
objective of this study, as well as source rock-hydrocarbons genetic correlation throughout 
well profile. For that purpose, conventional geochemical techniques and analytical procedures 
were performed on rock samples (cores and cuttings), extractable organic matter (EOM) and 
oils. 
Analyzed cutting samples belong to Široko Polje Formation (Upper Pontian, till depth 
1570 m), Kloštar Ivanić Formation (Lower Pontian, 1570 – 1840 m) and Ivanić Grad 
Formation (Upper Pannonian, 1840-2097 m). The cores belong to Ivanić Grad Formation. In 
both cores gray marls are interbedded with oilbearing sandstones. Analyzed crude oils are 
from two intervals 2044.0- 2003.0 m, 2000.5-1986.0 m and 2000.5-1986 m. 
Total organic carbon content throughout the well profile is in range from 0.40 to 
1.94% TOC, in average 0.85% TOC. In the Široko Polje and Kloštar Ivanić Formation the 
increased organic matter content does not correspond to increased generative potential. 
Generative potential is relatively low meaning that samples do not have source rock 
characteristics. According to hydrogen index and oxygen data kerogen is type III. 
Microscopic analyses of isolated kerogen revealed domination of terrigenous organic matter.  
Marl sequences of Upper Pannonian Ivanić Grad Formation, enriched in organic 
carbon content, have source rocks, but with relatively limited generative potential (up to 4.5 
mg HC/g rock). The organic matter is amorphous of algal-bacterial origin which usually 
corresponds to type II kerogen (up to 466 mg HC/g TOC). 
Maturity of organic matter has been determined based on pyrolitical (Tmax from 420 to 
436°C, PI) and optical maturation parameters (TAI, %Ro from 0.30 to 0.54). The parameters 
rise regularly with depth and have reached onset of oil window at 2000 m.  
Total bitumen yield (EOM) of marls with limited source rock characteristics is up to 
1500 ppm. The bulk composition, the molecular distribution as well as obtained parameters of 
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bitumen extracted from marls are in agreement with defined organic matter type II and 
maturity stage (onset of oil generation). There are some indices of terrestrial contribution in 
source material and deposition. 
Stable carbon isotope data of kerogen and bitumen is from δ13CPDB -24.35 to -25.01‰ 
and -24.99 to -26.17‰ respectively, indicating algal origin and anoxic to sub-oxic conditions 
during deposition. Carbon isotope composition of bitumens related to kerogens is in a good 
correlation. Carbon isotope composition of oil is δ13CPDB -26.15 ‰. Kerogen from which oil 
originated is probably slightly enriched in heavier carbon isotope. 
API gravity of analyzed oils is from 26.06 to 33.19ºAPI with low sulphur content. Gas 
chromatography of oils shows a normal molecular distribution. Isoprenoids vs. normal 
alkanes ratios suggest marine origin and sedimentation of source organic matter in an anoxic 
environment. According to heptane and isoheptane values oil is mature. Estimated 
temperature of source rock which yields this type of oil is 130ºC (Thompson 1982).  
All the parameters show that the younger sediments are not capable for hydrocarbon 
generation. The Upper Panonian marls have limited source rock characteristics just reaching 
onset of oil window. The source rocks of analyzed oils had to be thermally more mature than 
the ones found in well A. 
Based on obtained data it can be concluded that oil is of secondary, migrated origin. 
Oil originated from source rocks of Middle Miocene (Badenian and Sarmatian) and Upper 
Miocene (Lower Pannonian) age which are determined in Sava depression (Troskot-Čorbić et 
al, 2009).  
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Mechanisms of petroleum formation in marine carbonates with deep burial remain to 
be one of the hot debated and difficult topics in petroleum geology. In this paper, we use the 
results of a case study on the Puguang gas field (northeastern Sichuan Basin,China), to 
demonstrate the complexity in the sources and processes of hydrocarbon generation and 
accumulation. The methods include assessment of hydrocarbon sources and their geochemical 
correlation with oil, reservoir bitumen and gas, study on formation, evolution and 
preservation of hydrocarbon pools, analysis of gas composition, fluid inclusion and 
simulation of hydrocarbon generation from multiple sources.  
The results showed that the deep-buried marine source sequences and main 
hydrocarbon producing intervals may have experienced high temperatures, high pressures and 
multi-stage sedimentological and tectonic movements. As a result, various kinds of 
hydrocarbon sources were formed (Huang et al., 1996; Tenger et al., 2008, 2010), including 
different types of kerogens, accumulated and dispersed soluble organic matters, and insoluble 
organic matters of organic acid salts. It is common for the continuous and /or overlapping 
dynamic transformation of various kinds of hydrocarbon sources and multiple origins of 
hydrocarbons to have contributed to petroleum pools. Based on these results, we propose that 
the main mechanism for hydrocarbon formation and evolution in deep-buried strata is the 
dynamic transformation for hydrocarbon generation from multiple sources. The gas 
generation can be extended to high to extremely high evolution stages. This is favourable for 
the gas re-filling and accumulation in deep and extremely deep-buried reservoirs (Figure.1).  
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Figure .1 Geological model showing hydrocarbon generation from Upper Permian marine 
source rocks,and hydrocarbon accumulation and alteration in the northeastern Sichuan basin 
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It has been proved that the alkane gases in the H2S-bearing gas reservoirs of eastern Sichuan Basin 
are sourced from thermal decomposition of organic kerogen or old oil pool(Cai et al., 2003; Hao et al., 
2008; Ma et al., 2008). The argument was concentrated on the uncertainty of the origin of CO2 molecular 
in marine carbonate reservoirs associated with varied H2S concentration in the eastern part of Sichuan 
Basin(Huang et al., 2010; Liu et al., 2009; Ma et al., 2007). In this study, the authors will present the 
chemical and carbon isotopic compositions of natural gases by integrating the burial and thermal history 
to illustrate the origin of CO2 and carbon isotope fractionation in the H2S-bearing gas reservoirs of 
eastern part of Sichuan Basin under different geological backgrounds. 
In this study, all samples were in pure gas phases and were collected directly from the wellheads in 
commercial hydrocarbon production fields after first flushing the lines for 15-20 min to remove air 
contamination. A 25 cm radius double-collecting stainless steel cylinder (about 1000 cm3) with the 
maximum pressure of 22.5 MPa was used to collect the gas samples. Abundances of major components 
(including CH4, C2H6, C3H8, H2S, CO2, etc) were determined by a Finnigan MAT-271 mass spectrometer, 
and Stable carbon isotopic compositions of the gases were carried out on a Finnigan MAT-252 mass 
spectrometer.  
Despite the gas dryness coefficient (C1/C1-3) is high in the marine sour gas reservoir of eastern 
Sichuan Basin, the 13C2 and 13C3 values are less than -28‰ and -25‰, respectively, which suggest 
that the alkane gases were derived from sapropelic source rocks. A modified model of C2/C3 and 13C2 - 
13C3 based on Prinzhofer’s pattern displays that natural gases fall in the area of oil and/or gas secondary 
cracking. This observation for the secondary cracking gas is consistent with the geochemical 
characteristics of the gaseous alkanes with high dryness coefficients and carbon isotope values. The gases 
with relatively constant 13C1 values  and widely variable C1/(C2+C3) ratios do not follow the trend of 
maturity when plotted in the Bernard diagram. Such a pattern would be related to the effect of TSR 
alteration.  
In the eastern Sichuan Basin, the CO2 contents of natural gas range from 0.01% to 18.03%. The 
CO2 contents are in positive and slightly inverted correlation with the 13CCO2 values when they are less 
and larger than 5%, respectively. The high H2S content, generally over 5.0%, is observed in the natural 
gas reservoirs with high CO2 content. Therefore, the CO2 would have been generated from two sources in 
the eastern Sichuan Basin, i.e. carbonate- or/ and calcite-dissolved and TSR altered CO2. Before TSR 
alteration occurred or without TSR alteration, CO2 content is less than 5.0% with 13CCO2 value less than 
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-3‰(Fig.1). The organic CO2 generally displays low 13CCO2 value normally less than -10‰, whereas the 
carbonate-derived CO2 has the 13CCO2 value of 0±3‰. The TSR-altered CO2 should be isotopically light, 
since the carbon in the CO2 is mainly derived from the hydrocarbons, but a great amount of organic CO2 is 
precipitated and converted into calcite, which results in the carbonate precipitation with lighter carbon 
isotopic composition and the residual CO2 in the natural gas with heavier ones. Therefore, carbon isotope 
fractionation would occurred between TSR-altered CO2 and precipitated calcite. Meanwhile, pH value of 
formation water in sour gas reservoirs is altered by TSR, and the pH value would decrease as TSR 
proceeds, which would result in the hydrothermal alteration to carbonate reservoirs under acidic 
formation water and high isotopic values of the generated CO2. 
 
Figure 1. Plot of CO2 content and 13CCO2 value of natural gas in the typical marine carbonate reservoirs of 
Chinese sedimentary basins 
 
Therefore, CO2 in the marine sour gas reservoir of eastern Sichuan Basin would be not only sourced 
from TSR-altered alkanes but also from the dissolved carbonate or calcite in marine sour gas reservoir of 
eastern Sichuan Basin. CO2 generated in TSR is isotopically lighter, whereas the CO2 generated from the 
dissolutionof the carbonate or calcite is isotopically heavier. 
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